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CHAPTER I: INTRODUCTION Ol 


One of the primary charges to this Commission was to make at? aces 
nomic benefit/cost analysis of the present national bovine brucellosis 
eradication program with its proposed extensions, and any alternative 
programs which the Commission deems appropriate." The benefit/cost ratio 
is designed to estimate the dollars of benefits which are expected per 
dollar of total expenditures on the program. These ratios for alternative 
programs of brucellosis control and/or eradication can than be compared 
with one another and with ratios for expenditures in other investment 
Opportunities to establish priorities among policy alternatives. 


Two basic techniques are available for aggregating the economic data 
which determine the benefit/cost ratio--the partial budgeting technique 
and systems simulation. With partial budgeting attempts are made to 
identify and estimate the added benefits and costs to be accrued within a 
defined population as a consequence of specified alternative actions. 
This technique has serious limitations as an analytical system for policy 
issues and was used in this report only for illustrative purposes. Instead, 
a systems simulation model was used in making our benefit/cost analysis. 


Systems simulation attempts to more adequately model a simplified 
version of the real world in order to better assess the impact of alterna- 
tive actions on the total system. In so doing, it makes a very important 
contribution to the analysis of difficult problems involving the economic 
implications of complex interactions of both biologic and engineering 
systems. As a caveat, however, it should be stressed that all systems 
simulation models must, of necessity, make simplifying assumptions, and 
represent abstract versions of the real world. There remains a very large 
gap between the theoretical manipulations of disease models and the applica- 
tion of models to specific diseases, especially on a large scale. They 
should not, therefore, be the only basis upon which policy decisions are 
based. 


Prior Benefit Cost Studies of Brucellosis 


I. One of the first major benefit/cost studies of brucellosis was pub- 
lished by the University of Reading, England, in 1975: An Assess- 
ment of the Eradication of Bovine Brucellosis in England and Wales, 
by M. E. Hugh-Jones, P. R. Ellis and M. R. Felton; Study No. 19. 

The biological dimensions of this study were based on a stochastic 
computer simulation of brucellosis infection in a 100 herd model rep 
resenting dairy and beef herds of England and Wales. Disease spread 
was simulated using a Monte Carlo random number technique with prob- 
ability ranges deemed epidemiologically relevant. 


The basic decision-making unit for their model was the dairy or beef 


herd. The herd consisted of three streams of animals: (1) healthy 
(normal in every way); (2) infected (appear normal but have been 
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infected, although they do not show a serological response); and 

(3) reactor (serological and legal reactors). The time interval 

for disease spread was three weeks, corresponding to the estrus 
cycle. The herd was modeled with three sets of arrays--for calves, 
heifers and cows. Calves were transferred to heifers upon pregnancy 
and heifers transferred to cows’upon calving. 


Using representative alternative herd management assumptions 
within the model, the computer assessed and monitored infection 
spread, clean up and physical losses of milk and beef. The phy- 
sical losses of beef and milk were then estimated for all the herds 
of England and Wales. These losses were then used to compute mar- 
ginal differences in producer profits associated with each category 
of physical loss. The loss categories and methods of specification 
were as follows: 


For dairy herd 


1. Aborted calves at £20 per calf. 


2. Milk loss from aborting cows kept in herd (one-half the aborting 
cows) figured at 50 percent of the lactation--450 gallons or 
£93.31 per cow. 


3. Milk loss from aborting cows culled from herd (one-half aborting 
cows) figured at 10 percent of the lactation or 150 gallons of 
milk plus 50 percent of milk cow value or £60.44 per cow. 


4. 63 days delay in conception following an infected calving at 37p 
per day. 


5. Depressed milk yield in 2 percent of infected cows of 10 percent 
of the lactation. ; 


6. Additional costs for replacement at £1.80 per aborting animal 
and £0.60 per non-aborting reactor. 


For beef herd 


1. Infertility due to infection increases the number of "empty" 


cows by 2.75 percent at £1.20 per cow. 

2. Overall effect of increasing the calving interval by 72 days for 
reacting non-aborting cows which are retained in the herd at 
£0.11 per day. 


3. Decrease in live calves born of 0.5 per 100 cows at £1.13 per 
calf. 


4, Difference in growth performance of calves born to reacting 
mothers (weak calves) of 0.01 lbs. of gain per day at £12.97 
per lb. 


5. Increased replacement costs at £0.73 per cow. 
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The overall benefit/cost ratio for the British Brucellosis 
Compulsory Eradication Scheme for England and Wales was estima- 
ted at a low of 1.1 to 1 to a high 2.2 to 1, depending on the 
inclusion of losses which are very difficult to quantify, such 
as the human health hazard, the risk of abortion storms, con- 


straints on trade and exports and unrealized production poten- 
tial. 


In 1975, also, the California Department of Food and Agriculture 


released their study: A Report of the Bovine Brucellosis Eradi- 
cation Program in California, Sacramento, California 1975, con- 
ducted by T. E. Carpenter. 


This study used a partial budgeting technique for projecting 
the benefits and costs of three alternative courses of action for 
the State of California with respect to brucellosis: (1) no pro- 
gram, (2) a control program based heavily on calfhood vaccination 
and control of movement into the state, and (3) an eradication 
program. Their basic methods of calculation and assumptions are 
evident in the following calculations for the beef and dairy in- 
dustries of the state for fiscal year 1976. 


The planning horizon for the comparison was 15 years--from 
1976 through 1990. Under option 1 (no program) infection was 
projected to reach 11.64 percent of the cow (dairy and beef) pop- 
ulation by 1990. Under the control program, infection was pro- 
jected to level off at 1.4 percent of the cow herd. The eradi- 
cation program was assumed to achieve a zero level of infection 
within 10 years and to remain free of the disease thereafter. 
Based on the present value of the flow of benefits and costs and 
using a discount rate of 9.479 percent (the rate then used by the 
California Department of Water Resources) the benefit/cost ratios 
for both the control and eradication programs were favorable--5.0/ 
to 1 and 3.82 to 1 respectively. 


Beef 
Population (No. of beef cows) 1,085,400 
Prevalence rate x 0014 
1,520 
Cull rate due to brucellosis infection x #L5 
228 
Replacement cost 5 acipngee yA bes pee he 
$48,653 
Reactors slaughtered x Ge 
258 
Replacement cost - Idemnity x $93.85 
($213.39) -~ ($119.54) $24,213 
Continued 


*17% assumes 20% of the remaining infected (85%) will be 
found blood test positive. 
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Remaining infected cows 


1,034 
x -18* 
Infected - vaccinates (@ 38% 
susceptibles vaccinated 180 
Abortion rate x aj les: 
28 
Infected non-vaccinated 848 
Abortion rate x ata: 
178 
Total calves aborted 206 
Value/calf x $50 
$10,300 
Total losses $83,166 


*Percent calculated assuming nonvaccinated animals are 2.86 times 
more susceptible to infection than vaccinated animals: (2.86) (.62) 





CET ys Gotten 


vaccinated animals _ Dhaene gd ees: 


nonvaccinated animals 4.66 


Therefore, infection ratio of 


means the percent of infected vaccinated animals accounts for 1 


or 18% of the infected animals. 5.66 
Dairy 
Population (No. of dairy cows) 800,000 
Infection Rate x -0024 
1,920 
Cull rate due to brucellosis infection x ay 
288 
Replacement Cost x $532.8) 
$153,449 


Remaining infected cows found 


6 months later to be reactors . 15632 
Replacement costs - Idemnity X moo) 00 
($532381)) =7 ($222.32) $506,736 
Expected annual milk production (cwt) 136.09 
180 days/305 day lactation period x 259 
Production for 6 months (cwt) 80.29 
see hey 
Total expected milk production for 131,033 
6 months (cwt) 
Production decrease due to 
brucellosis infection x 20 
262207 
Continued 
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Value of milk (cwt) x $8.04* 


Value of annual milk loss $210,704 
Total losses $870, 889 


* 
Producer price, F.0O.B. plant, (equivalent cwt.) 
Class 4 milk, (September, 1975) 


III. An Australian brucellosis simulation model was developed beginning 
in 1973, and was the basis for more detailed studies of eradication 
policies and for estimating costs and benefits of proposed eradica- 
tion programs. Although the model and study have not been pub- 
lished, some results have been reported.1l 


The model is designed to simulate range conditions, herd 
structure, and livestock population characteristics for any 
designated region. The model simulates the dynamics of both 
the cattle population and Brucella abortus by feeding into the 
model a 10 percent sample of the animals in a given geographic 
area. Each cow is individually represented in the model relative 
to (1) vaccination status; (2) infection status (infection is 
programmed to occur according to defined probabilities) ; 

(3) serological status; and (4) age. The age of each animal is 
recorded and each iteration adds one year to each animal. While 
the serological response and infection status are highly cor- 
related, the model permits these two features to be inconsistent-- 
as false negative or false positive. 





The model divides the epidemiological behavior of brucellosis 
into a sequence of events, each of which is selected by the com- 
puter based on a random number, Monte Carlo simulation. 


The cattle population was specified relative to: (1) number 
of herds; (2) proportion of beef and dairy herds; (3) herd size 
structure; (4) culling rates; (5) reproductive performance; 

(6) initial disease prevalence; and (7) percent of herd vaccinated. 
Other inputs included (1) probability of new infection and abor- 
tions, (2) commencement of a test and slaughter program, and — 


tne R. T. and R. S. Morris, 'The Integration of Epidemiological 


and Economic Analysis in the Planning of the Australian Brucello- 
sis Eradication Program," in New Techniques in Veterinary Epide- 
miology and Economics Proceedings of the Symposium, University 

of Reading, England, July 12-15, 1976, pp. 81-94. 
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(3) other constraints relative to total numbers, monies available 
for compensation, etc. The model then determined for each indi- 
vidual cow whether: (1) she calves, aborts or remains non-preg-. 
nant; and (2) she becomes infected and/or changes her serological 
status, etc. 


Benefits of disease control were estimated to be due to reduc- 
tion in such physical losses as milk production, calf production 
and incidence of placental retention. More importantly, signifi- 
cant benefits were attributed to the maintenance of high-price 
export markets for Australian beef. It was assumed that these 
markets would be lost when other countries achieved freedom from 
brucellosis, unless the Australian eradication program proceeded 
on a similar time schedule to the program in the importing coun- 
tries. Rough estimates were also made of the public health bene- 
Fits which would accrue from control measures. Net present values 
of various strategies were estimated for a 30-year period, using 
a LO percent discount rate. The test and slaughter eradication 
program produced an overall benefit/cost ratio of 5.04 compared to 
a benefit/cost ratio of 2.96 for a continuing vaccination program. 
The authors also stated that, "Although this study produced inter- 
esting results, many of the estimates were based on somewhat tenu- 
ous evidence, since the information available for estimating bene- 
fits of brucellosis control is very scarce and is frequently of 
questionable validity." 


In February, 1977, APHIS, USDA published their) study Brucellosis 
Program Analysis by Beale, / V2 °C€.55Ur.G oH. Av *Kryder , .Jr.fandabs 
R. McCallon. This study was based on a computer simulation model 
of the U. S. beef and dairy industries, with five regional subdi- 
visions. The model inputs included the following items for each 
region: (1) herd size and number of herds; (2) average number of 
cows/herd (1975); (3) distribution of infected herds by year of 
infection; (4) infection rates; (5) cull rate; (6) clean-up rates 
(probability of clean-up depending on program); (7) regional pur- 
chase probability vs. purchase of replacements outside of region; 
(8) fence spread factor; (9) probability of infected herd being 
detected through MCT and BRT; and (10) a regional test factor 
which reflected the effort put forth by producers, governmental 
agencies and others in combating brucellosis. 





The regional physical loss coefficients associated with these 
inputs for different control and eradication programs were based 
on data available within APHIS, augmented by judgements of APHIS 
regional epidemiologists, cattle disease staff members, and the 
authors. ‘The basic analytical unit was the beef or dairy herd, 
with eight different herd sizes. Using a deterministic simula- 
tion (versus Monte Carlo) model, annual physical losses associa- 
ted with program alternatives were projected by years starting 
in 1976 and continuing for 35 years, holding breeding and dairy 
herds constant. 
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Production losses were given values as follows: 


(1) Production per infected cow was reduced 20%, reducing income 
by $143.95 per infected cow. 


(2) Increased replacement costs of $133.55 per infected cow that 
was culled due to the disease. 


(3) Dead calf losses due to abortion were figured at $60.75 per 
calf lost. 


sorb eet “CAtere: 


(1) Increased replacement costs were calculated at $27.50 per cow 
culled because of brucellosis. 


to hoss oy calves due Lo portion valued ‘ate $1332 10° per’ cal fF, lost. 


(3) A 100 Lb. growth weight loss of calves from infected mothers, 
VElucd tite S30.D2. 


(4) A six month delay in rebreeding of 50% of the cows classified 
as hard breeders retained in the herd was translated into a 
loss of $33.27 per delayed breeding cow. Five to nine percent 
of the infected cows were categorized as being hard breeders. 


The final economic loss depended upon the proportion of cows 
infected, the number of abortions, etc. which they varied by re- 
gions, by year of infection and by type of program. 

The benefit/cost ratios calculated on the streams of benefits 
and costs, discounted to the present value using a 10 percent dis- 
count rate include: 


Program Comparison Benefit/Cost Ratio 


1. 10-year eradication program vs. no 
program 10.67 


2. 10-year eradication program vs. 
7 & 
farmers vaccination program 8.65 


3. 10-year eradication program vs. 
reduced level of federal program 3539 


4, 10-year eradication program vs. 


present program (FY 1975-76) level 1.68 
5. Present program vs. no program SAL5 
6. Present program vs. reduced level federal 24056 
7. Reduced level federal program vs. no program 1234 
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CHAPTER II: THE COMMISSION'S ANALYTICAL MODEL 


Each of the models used in the four studies reviewed in Chapter 
I has some advantages and disadvantages as a basic model with which 
to make comparisons necessary for meeting the charge given to the 
Commission. After careful consideration of all relevant factors the 
Technical Commission selected a systems simulation rather than a bud- 
geting model as the framework of its benefit/cost analysis. 


Moreover, the basic model developed was patterned, in part, upon the 
APHIS, USDA model, but with several important modifications: 


(1) The states were divided into eight regions (as outlined below 
in Figure 1) compared to five for the APHIS model. These 
regions were grouped on the basis of their similarity with respect 
to several criteria relating to brucellosis, such as level of 
infection, herd-size distribution, methods of operation, and 
effectiveness of brucellosis infection surveillance and con- 
trek. 


(2) The computer sequence and procedures (as paid out schemati- 
cally in the flow chart comprising Figure 2), differed from 
the APHIS model. 


(3) Many of the epidemiologic coefficients and assumptions differed 
significantly from those used in the APHIS model. A detailed 
description of the simulation model, the data inputs and 
estimating procedure for deveoping these inputs are discussed 
in Annex 1. 


Some of the problems of selecting appropriate input coefficients 
for systems modeling of bovine brucellosis was described in 1975 by 
Hugh-Jones as follows: : 


"During the construction Of the model it was found that 
although there is a large volume of excellent laboratory 
data, especially in relation to vaccination and serology, 
and information from field experience, only a few of the 
appropriate quantitative observations have been made on 
the epizootiology of brucellosis. The development of 

such a model should therefore parallel the development of 
field studies in order to secure answers to questions 
raised by the model to clarify problems encountered in the 
field." 


Determining the appropriate physical loss coefficients associated 
with varying levels of alternative program inputs by repions, herd size, 
year of infection, etc., is, in the final analysis, a limiting factor in 
a simulation model of a complex disease such as brucellosis. Unfor- 
tunately, the Commission had neither the time nor resources to develop 
field studies to accompany the model. Program data as presently reported 
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by the states and compiled by APHIS staff are not adequate for the 
derivation of accurate coefficients for a simulation model. Hence, al- 
though the Commission was unable to completely restructure the field data, 
an extensive sampling of program data from one or more states in each of 
the model areas was undertaken. By questionnaire and direct telephone 
contact with each of the regional epidemiologists, several station 
epidemiologists, state veterinarians, or state program supervisors 
significant items were collected. These included: 


(1) Within herd infection rates on initial herd test and cumu- 
lative rates over the duration of quarantine period. The 
data were collected according to herd size and percentage 
vaccination within the herd. Infection rates for vaccinated 
and unvaccinated animals within the herds were calculated. 


(2) Data on length of time between inital test and relcase from 
quarantine and total number of herd tests required, by herd 
size and amount of vaccination, were assembled for derivation 
of coefficients on vaccine cffect and clean up rates. 


(3) Results of epidemiologic traces in each of the regions to 
determine relative importance of several modes of new intro- 
ductions into previously free herds such as neighborhood 
spread, adjacent herd contact or fence spread, and purchase. 
In addition, extensive data were assembled on apparent resi- 
dual infection, following release from quarantine. 


(4) Cross comparisons were made between APHIS staff calculations 
on MCL identification tracebacks and testing and data from 
the local sources. 


(5) Cross comparisons were made between local and APHTS compiled 
reported data on calfhood vaccination rates and the amount of 
herd infection not disclosed in a timely manner by surveillance. 


In addition, the in-depth program analysis of 12 states given in 
detail in Appendix D, and the survey of all 50 state veterinarians in 
Appendix & furnished important data for derivation of model coef fi- 
cients. 


As a part of the information gathering process, a detailed ques- 
tionnaire relating to operations, management practices and costs were 
mailed to a random sample of beef and dairy producers in selected 
states representing each of the eight regions of the United States 
outlined in Figure 1. <A copy of each of these questionnaires (beef and 
dairy) is shown in Annex 2. A total of 3,935 questionnaires were mailed 
to beef producers resulting in 1,211 usable responses, for a response 
of 30.8 percent. ‘There were 4,516 questionnaires mailed to dairymen, 
with 1,367 usable responses, for a 30.3 percent response. Informa- 
tion from these questionnaires was useful in identifying differences 
in management practices and geographic sources of breeding stock pur- 
chases and in assessing producer costs associated with several bru- 
cellosis-related management practices. 
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Program Alternatives Modeled 


‘The following brucellosis programs were modeled: 


Program Index Program Alternatives 
i Base Model Year 1975-76 


The base model was designed to simulate conditions 
prevailing in 1975-76 (the year prior to the for- 
mation of the Commission and the first year of the 
Commission's activity). Included in this model 
are the 1975-76 levels of vaccination, surveil- 
Jance, levels of infection, levels of management 
and prevailing Uniform Methods and Rules. Within 
this model, brucellosis infectilon was assumed to 
be essentially stabilized at the 1975-76 level, 

in apyregate. Each of the other program alterna- 
tives was designed to represent a single modifica- 
tion from this base program. In this way, the 
impact of the particular control practice stressed 
in the program was measured from a base program 
which was specifically designed to perpetuate 
infection at the 1975-76 level. 


ho 


Base Model plus accelerated programs 


This model was designed to simulate conditions 
which might prevail under the APHIS '"10-Year 
Accelerated Eradication Program." During the 
period of time since 1976 in which this Commis-— 
sion has veen conducting its study, the States of 
Tennessee, Georgia, Alabama and Arkansas have 
entered into this accelerated program. During 
the period when, and in those regions where, 

area testing and first point of concentration 
(FPC) testing is scheduled to take place, program 
efficiency (the level of infection detection 

and elimination) is assumed to increase sharply; 
hence, the level of infection is materially re- 
duced during this period. However, what happens 
to program efficiency or quality control after 
area testing is completed and FPC discontinued 

is crucial to the final outcome. Two alternatives 
were modeled. In the first (called accelerated 
program 1) program quality was assumed to remain 
at the high level reached during area testing and 
FPC. In the second program (called accelerated 
program 2) cfficiency was projected to drop back to 
the level which prevailed in the region prior 

to area testing. 


Base model plus calfhood vaccination 


This model assumed that incentives will be estab- 
lished for increasing calflood vaccination in 
Regions 3, 4, 5, 6, and 7. It is assumed that 
Regions 1, 2, and 8 are already proceeding to 
bring the disease under control leading to local 
eradication within those regions. Included in the 
program would be a requirement in all regions 

for vaccinating females sold for breeding purposes 
shipped across state lines (comparable to Cali- 
fornia import requirements and the North Dakota 
law). The model tests this program at three 
levels of herd vaccination; 90 percent or higher 
(high), 60-89 percent (medium), and 20-59 percent 
(low). It is assumed that these levels of vacci- 
nation were imposed on the base program (Number 1, 
above). Liartt 


Base model plus whole herd vaccination 


This model was designed for use in ares of high 
prevalence (Regions 3, 4, and 5); the base pro- 
pram was to apply in all other areas. This pro- 
gram assumed that promising research in progress 
will demonstrate that adult cattle may be vacci- 
nated successfully with reduced dosages and that 
distinction can be made between field strain and 
strain 19 titers. High level herd protection by 
vaccination could thus be achieved much more rapidly 
by vaccination whole herds than with calfhood 
vaccination. Vaccination could occur under two 
plans: (1) Herds known to be infected and (2) 

High risk, non-infected herds--that is, there are 
no reactors revealed by complete herd test at 

the time of vaccination and the herd has not been 
under quarantine during the past 6 months (see 

pages 6-12 through 6-14 of the Commission's report). 


Infected herds 


For "infected herds," or herds of unknown status 

at high risk of infection, the entire herd would 

be tested and reactars would be branded and slaught- 
ered. The test-negative animals 10 months of 

age and over would be vaccinated with a reduced 
dose of vaccine (ca 5 x 109 cells) subcutaneously 
and receive the AV brand as in the current guide- 
lines. The herd would remain under quarantine. 
Testing should be resumed not later than 6 months 
post vaccination and reactors to the rivanol or 
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CF at 1:20 would be slaughtered. Quarantine 
would be lifted after two consecutive negative 
whole herd tests 6 and 12 months after the first 
negative herd test. Test-negative would be on 
the basis of negative rivanol or CF < 1:20. 

AV branded animals negative on these tests may 
move or be sold thereafter subject to similar 
test requirements as applies to all other similar 
types of cattle. 


High risk, noninfected herds (see pages 6-14 and 6-19 
of the Commission's report.) 


For noninfected qualified herds at high risk, the 
entire herd must test negative, animals would be 
vaccinated as above and identified with a new 
official AV tattoo and individual identification. 
Animals could be moved or sold on the basis of a 
negative test 3-6 months after vaccination of test 
cligible animals (those over 12 months of age). 


No program 


Although highly unlikely that support for  bru- 
cellosis programs will be cancelled, a "No Program" 
scenario was developed in order to determine the 
effects of such a situation upon the economy. 

"No federal program support'' suggests that all 
surveillance systems would be cancelled and federal 
support presently existing for laboratory facil- 
ities, testiny equipment and facilities, field 
tests, indemnities, financial aid to state pro- 
grams, etc., would be curtailed. Although many 
states likely would provide services to protect 
against the spread of the disease, the scenario 
assumes no state programs, as well. The physical 
losses projected for this program option were taken, 
largely, from the "No Program - No Vaccination" 
Option of the APHIS, USDA model. 
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CHAPTER III 
BASIC INPUTS FOR ESTIMATING BENEFITS 


We identify as benefits from investment in bovine brucellosis control 
the avoidance or reduction in losses caused by the infection. These losses 
fall into three categories: (1) economic losses arising from infection of 
people with Brucella; (2) economic losses generated by management constraints 
attributable to brucellosis and programs to control or eradicate it; (3) 
physical reductions in meat and milk due to the disease. 


Economic Losses From Human Brucellosis 


A full report on the human health dimensions of brucellosis is included 
as Appendix A of this Commission Report. Included in that report are summaries 
of different estimates of the direct and indirect medical costs associated 
with individual cases of human brucellosis. The most current and detailed 
estimate of the direct medical costs (such as physician, hospital, lab 
tests, medication, etc.) and indirect costs (such as time lost from work, 
cost of replacement, workman's compensation, etc.) covering 47 cases at a 
meat-packing plant in lowa was $4,617 per case. If this estimate is multiplied 
by the 282 reported cases in the United States for 1976, the cost of reported 
human brucellosis would be approximately $1.3 million for the year. But this 
is not an estimate of the national economic loss due to human brucellosis. 


Two overriding problems led the Technical Commission not to attempt an 
estimate of the economic loss from human brucellosis. First, the actual 
number of cases is unknown, since the majority of human cases are not diagnosed 
and are not reported. Although some estimates have been made of the number 
of unreported cases which might occur for every case which is reported, there 
is little basis for such estimates and their variance is too great for 
credibility. Equally important is the difficulty in determining economic 
losses associated with pain and suffering to patients and to members of the 
patient's family, relatives and friends, as well as the decreased proficiency 
of the affected persons as a result of illness. Hence, although the magnitude 
of total economic losses due to human brucellosis, including compensation for 
physical and emotional suffering, may be very great, they have not been 
included in this benefit/cost analysis. 


Losses Generated By Livestock Movement Constraints 


In the aggregate, the direct physical losses of beef from brucellosis 
infection during the base years of 1975-76 and during subsequent years had 
less impact on the total supply and, consequently, on the price of beef than 
did either the cattle cycle or drouth. That is, the average annual loss from 
brucellosis per beef herd in the U.S. has been relatively small in recent 
years., However, these losses have not been equally distributed among all 
herds. In some instances the impact might be catastrophic to an individual 


een studies in England, for example, Hugh-Jones budgeted differences of 
$12 in gross profit margins per dairy cow between "clean" herds and herds 
with a 15% reactor rate, with differences ranging up to b49 between a 
healthy herd and herds with a 31% reactor rate experiencing a 20% abortion 
rate. Corresponding profit margin differences in beef herds were b/ and 


b49, respectively. 
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producer. They accrue most heavily to those with infected herds or in the 
high prevalence regions. Thus, those who are in certified free states, or 
who have certified free herds, have few movement constraints and therefore 
have increased economic benefits. 


An important set of costs associated with this disease, therefore, is 
associated with individual strategies and collective policies and procedures 
designed to minimize the likelihood of individual producers suffering such 
losses. These costs occur in various ways, such as added fencing to restrict 
cattle movement within the operation, calving pens to achieve isolation 
during and following calving, and other management practices applying sound 
epidemiologic techniques. Additionally, constraints have been imposed on 
movement of cattle infected with or exposed to brucellosis. Moreover, 
constraints are placed on movements across state lines of cattle from high 
prevalence states. To the extent these constraints handicap producers in 
moving cattle to better equate cattle numbers with local feed conditions, 
they increase costs. 


Brucellosis and programs to control or eradicate it may also be dis- 
ruptive of normal market patterns and channels. Infection tends to spread 
most rapidly in beef herds during the mid- to late stages of gestation, which 
is usually a most inopportune time to sell breeding cows for slaughter. 
However, reactor cattle are removed frgm the premises and disposed of within 
15 days of the date of identification.” Moreover, optimum marketing of both 
beef and dairy animals for breeding or milking purposes requires that each 
producer have maximum flexibility of animal movement in order to broaden the 
geographic and time dimensions of his market. However, epidemiologists agree 
that restrictions on the movement of infected and exposed cattle is essential 
for effective control of the disease. 


Although many of these constraints on cattle movement are specified in 
the U M and R, eliminating the National Brucellosis Eradication Program might 
not alter many of the constraints. Conceivably, total management constraints 
imposed on producers may be less under the present program than might occur 
if all federal programs were discontinued and the states and individual 
operators were left to develop their own strategies for coping with disease. 
Twenty-eight states have already established constraints which are more 
severe than the U M and R, and other have indicated that their regulations 
would become more severe if there were no federal program. The point is that 
constraints on cattle movement are an essential component of strategies to 
cope with the disease. 


As pointed out above, an important economic benefit to be derived from 
local eradication of brucellosis would be the elimination of restrictions on 
cattle movement. The magnitude of these benefits would vary greatly depending 
on individual management, financing and marketing strategies; weather patterns 
and feed alternatives; the timing in the cattle cycle; and many other factors. 
After careful consideration, the Technical Commission concluded that although 
many producers are enjoying the economic benefits associated with free movement 


eTnt dated cattle must be identified with a "B'' firebrand on the left jaw and 
ear-tagged within 15 days of a positive test. 
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of livestock, considerable additional benefits could be derived from the 
elimination of constraints on cattle movement through local eradication of 
brucellosis. However, these benefits could not be quantified with an ac- 


ceptable degree of precision and therefore were not included in this bene- 
fit/cost analysis. 


Physical Production Losses 


The production losses stem basically from damage to uterine and mammary 
tissue caused by Brucella abortus infection. The component sources of 
production loss were identified as follows: (1) from dairy and beef calf 
loss due to abortion, including losses of calves born so weak that they die 
within seven days; (2) from infection resulting in calves which are born weak 
but which live. Most of these calves live to perform some economic function 
but do not compensate for their weight loss by the time they are weaned; (3) 
from milk losses due to pathologic insult to mammary tissue; (4) from effects 
of infection on reproductive efficiency; and (5) from loss of genetic potential 
for production due to increased involuntary culling. 


Although brucellosis infection affects beef and dairy cows alike, the 
relative importance of the component sources of production loss differs 
Significantly between the two. Hence, they are generally treated separately 
throughout this report. Estimates of physical losses are based upon co- 
efficients prepared by members of the Commission after (1) a review of 
literature reporting studies of the impacts of brucellosis on physical 
production of cattle; (2) an extensive sampling and analysis of program data 
from one or more states in each of the eight regions; (3) information and 
judgments supplied by regional epidemiologists, state program supervisors and 
experienced ranchers and dairymen in response to questionnaires, extensive 
correspondence and numerous telephone calls. 


Beef Losses 


The component sources of physical production losses for beef cattle, 
including estimates of the most likely expected occurrence for each source in 
undetected, infected herds are outlined for unvaccinated herds in Table 1, by 
year of infection. A discussion of the breakdown of infected herds into 
undetected and detected herds and the significance of this distinction in the 
model is presented in Annex 1. 


Table 1. Estimated Distribution of Infected Cows by Source of 
Physical Losses for Unvaccinated, Undetected, Infected 
Beef Herds, by Year of Infection. 


Year of Infection 
Item 1 Bs 3 


- — —- Percent of Infected Cows - - - 


Aborters* 60 5 0.1 
Non-Aborters: 40 95 99.9 
Weak Calves (30) (6) (3) 
Decreased Milk 
Production (25) Cr) (10) 
Slow Breeders (Q) (15) (10) 


Others (45) (67) (77) 


“Includes weak calves which die within seven days after birth. 
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Sixty percent of the cows and bred heifers which become infected 
are expected to cither abort or to have calves which die within seven 
days of birth during the first year of infection. However, if infec- 
ted cows are retained in the herd, the likelihood of their aborting 
the second year of infection drops to 5 percent and becomes negligible 
(0.1 percent) for the third year. 


Of the remaining 40 percent of the undetected infected herd (those 
which did not abort during the first year of infection), 30 percent 
(or 12 percent of the total) are likely to produce calves that are 
weak but which live. An additional 25 percent (10% of the total) are 
likely to suffer detectable milk production loss. The combination of 


weak calves and milk loss results in lower weight calves at weaning 
time. 


Once herds have been indentified as infected, the abortion rate 
drops of f sharply because some of the infeeted cows are identified and 
shipped to slaughter before they abort. In this study, it was assumed 
that 50 percent of infected cows were detected and removed from the 
herd prior to aborting or calving; thus the percentage that would abort, 
have weak calves, ete. in detected herds were reduced by 50 percent 
from the data shown in Table 1 for undetected herds. 


The impact of the disease on physical losses is influenced by: 
(1) the rates at which infected cows are culled, (2) the year of infec- 
tion, and (3) the rate at which replacements are added to infected herds. 
In undetected herds, the likelihood of culling depends heavily on whether 
or not the cow aborts. Among cows that abort, the culling rate will 
vary from region to region due to prevailing management practices. Cul- 
ling rates are higher where herds are smaller and where they tend to be 
kept under closer surveillance than in regions where herds are larger 
and scattered over vast acreages. ‘Table 2 outlines the culling rate 
used inthe simulation model by regions. ‘These data represent the com- 
bined judgments of the members of the Technical Commission, augmented 
by inputs from USDA regional epidemiologists. 


Table 2. Producer Culling Rates, Undetected and Infected Herds 
by Year of Infection, and Region, 1975-76 


Region 


YR Ati Pie 1 ine tas 4 5 6 i 8 

----- Percent of Infected Cows - - - - - 

Aborters * 80 70 65 65 65 85 85 85 
Non-Aborters: 

VYernr Al 30 30 30 30 30 30 30 30 

Year 2 25 25 25 25 25 25 ws 22 

yy Year 35 20 20 20 20 20 20 20 20 


a : ; ; 
Culling rates for aborting cows applies to all years of infection. 


b : = Pi 
Non-aborting culling rates are for cows with decreased milk produc- 


tion, slow conception rates, and cows producing weak calves. 
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The loss category percentages outlined in Table 1 and the culling 
rates specified in Table 2 were used in calculating the percent of in- 
fected cows which were culled from unvaccinated, undetected herds or 
which fell into selected loss categories.3 These percentage figures 


are outlined in Table 3. Similar data for the unvaccinated, detected 
herds are outlined in ‘Table 4. 


Estimates of losses in beef production due to brucellosis depend 
heavily on the weight assumed for animals lost through abortion and 
death loss. At one extreme, the loss might be considered equal to 
average calf wefght at birth or when it might be slaughtered as a 
"vealer". At the other extreme, the loss might be identified as the 
ealf's projected slaughter weight as a U. S. choice slaughter steer of 
approximately LLOO pounds. The Commission selected 425 pounds to repre- 
sent the average weaning weight for beef calves. ‘This weight represents 
the physical loss to the initial or primary stage beef producers. A 
four percent shrink was then applied to represent the Ady Batt selling 
weight of weaner calves: 425 x (1.0 - .04) = 408 pounds. 


Beef Losses due to calf deaths were calculated as follows (using, 
as an example, Region | and first year of infection): 


408 x .6220 x .85 = 215.7 pounds per infected cow, where: 


408 = selling weight of weaner calves, 
£6220 = the proportion of infected, undetected cows with 
dead calves in the first year of infectton (from 
Table 3). 
.85 = representing a 15 percent adjustment to account 


for the reduction in maintenance requirements for 
cows with dead calves, resulting in more available 
forage for cows nursing calves. 


Galf weight losses per infected cow were calculated as follows 
(again using Region | and first year of infection): 


408 x .20 x .1980 = 16.2 pounds, where: 


.20 = calf weight loss resulting from having been born 
weak and from decreased milk production of the 
infected mother cow, 

.1980 = the percent of infected cows with calves subject 


to weight losses (from Table 3). 


a a = Sa a a a 


The procedures used in calculating data for Table 3 are described in 
Annex 3. 


The assumptions and calculations for converting liveweight weaner 
calf losses to ultimate carcass weights are outlined in Annex 4. 
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Table 3. Percent of Infected Cows Culled or Falling into Selected Loss 
Categories by Year of Infection; Unvaccinated, Undetected Beef 
Herds. 


a a i a a 





Rep ion | 


Culled® b 54.60 44.86 29.60 
Have dead calves O2e20) 49.60 SOs 
lave lower weipht calves: 19.80 18.80 ro.o) 
Delayed conception or open - 6.47 LU 
Region 2 
Culled 48.60 39.05 24.41 
Have dead calves 62520 47.94 2 Tash 
Have lower weipht calves 19.80 18.67 Ome 
Delayed concept fon or open - Tae Tele 


Repion 3 


Culled 45.60 36.21 Lome 
Have dead calves 62.20 47.11 2 ne 
Have lower weight calves 19.80 18.60 16.09 
Delayed conception or open - fei 8.06 


Region 4 


Culled 45.60 Seca 225035 
Have dead calves 62.20 US ol a ve eg 82 
Have lower weight calves 19.80 18.60 16.09 


Delayed conception or open = (bE 8.06 


Region 5 


Culled 45.60 36.21 22603 
Have dead calves G26:20 Clrettt) Zee 
Have lower welpht calves 19.80 18.60 16.09 
Delayed conception or open = det 8.06 


Repi on 6 


Culled 57.60 47.95 52.50 
Have dead calves 62.20 50.44 32a 
Have lower weipht calves 19.80 18.87 16.81 
Delayed conception or open - 6.04 6.62 


Reg ion it 


Culled 57.60 47.95 32508 
Have dead calves 62.20 50.44 32533 
Have lower weight calves 19.80 18.87 16.8] 
Delayed conception or open - 6.04 6.62 


(continued next page) 
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Table 3. (Cont tinued) 


———$ 
a ee 


Year of Infection 


eee relere 2 3 
------- Percent of Infected Cows----- 
Region 8 
Cul led 57200 47.95 S253 
Have dead calves 62.20 50.44 32.433 
Have lower weipht calves 19.80 16287 16.81 
Delayed conception or open - 6.04 6.62 


av, ‘ ’ : 

Culled because of abortion and poor performance. 

i) ae 2 : 
Abortion and early calf death within one week of birth. 


c © - . ‘ 
Resulting from weak calves and inadequate milk production. 





Yable 4. Percent of Infected Cows Culled or Falling into Selected Loss 
Categories by Year of Infections Unvaccinated, Detected Beef 
llerds. 





Year of Infection 


CS ce A a 
sats tessa Percent of Infected Cows---- 
Culled® 100.00 100.00 100.00 
Dead calves” 31.10 3.36 0.70 
Calf weipht losses” 9.90 7.90 5.84 
Delayed conception or open - (hry bee 5.00 
Normal weight calves 9.00 31.82 38.46 


Identified prior to aborting 
or calving 50.00 50.00 50.00 


‘Assumes all infected cows are culled from quarantined herds when 
identified. 


everest tote or calf death within one week of birth. 


“Resulting from weak calves and inadequate milk production. 
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Table 5. Liveweight Weaner Calf Losses per Infected Beef Cow due to 
Brucellosis, by Region and Year of Infection for Unvaccinated, 
Undetected Herds 


Region Year of Infection 
& Item 1 Z 3 





























Region 1 
Calf deaths Phi eyed) 172.0 106.0 
Calf weight losses Loe : 1533 13.6 
Delayed calving ace 6.6 regs 
23.139 19359 126.77 

Region 2 
Calf deaths ai Vall) 166.3 94.2 
Calf weight losses 16,2 P52 13.33 
Delayed calving le lige jam, 
23159 189.0 11524 

Region 3 
Calf deaths VAN Ree | 163.4 88.5 
Calf weight losses 16.2 Lae 13.4 
Delayed calving - ES) B22 
23149 186.5 109.8 

Region 4 
Calf deaths Jal Maeatl 163.4 88.5 
Calf weight losses 16.2 a Ne A AES hy | 
Delayed calving - ipos} 8.2 
231.9 186.5 109.8 

Region 5 
Calf deaths LS 163.4 88.5 
Calf weight losses L6n2 15.2 13.1 
Delayed calving = Mas eoe2 
2319 186.5 109.8 
Calf deaths 215.7 174.9 LIZ 
Calf weight losses 16.2 L5.4 gS! 
Delayed calving ae 6.2 6.8 
2509 196.5 132.6 

Region 7 
Calf deaths OY. 7 174.9 LEZ 
Calf weight losses T6.2 1534 ue iy 
Delayed calving aoe Ge2 6.8 
Hae eet) 196.5 132.6 

Region 8 
Calf deaths rm boy) 174.9 ns bess 
Calf weight losses 16e2 15.4 NES ey/ 
Delayed calving - 6.2 6.8 








?xe BSS) 196.5 132.6 
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Table 6. Liveweight Weaner Calf Losses per Infected Beef Cow due to 
Brucellosis by Region and Year of Infection for Vaccinated, 
Undetected Herds® 


Region — of 4 Year vor! Infection oF 
een 1 2 





Region 1 


Calf deaths 193.9 154.6 Coe 
Calf weight losses 14.6 13.50 Lge 
Delayed calving Sy sie 2.9 6.4 
208.5 Byes) 11349 

Ree rou 2 
Galf deaths [93.9 149.5 84.7 
Calf weight losses TA 6 Lacy Pe W 
Delayed calving i Ou) Tel 
208.5 169.9 103.8 

Reeion 3 
Calf deaths 193.9 146.9 TIS 
Calf weight losses 14.6 lesen L028 
Delayed calving See ites tea had 
208.5 Toso 98.7 

Region. 4 
Calf deaths [O57 146.9 79.5 
Calf weight losses 14.6 1357 ARs! 
Delayed calving ok Beet 7.4 
208 ian ee 98.7 


i 


Region 5 


Galle deachs URS po ieee? 146.9 (iS RS 
Calf weight losses 14.6 Na key L138 
Delayed calving (ESky. eyes tis la Pe 
208.5 167.7 98.7 

Region 6 
Calf deaths 193.9 . aw) 6 &) 100.8 
Calf weight losses 14.6 HES ets} ees 
Delayed calving = eo e Oek 
208.5 17637 iS 2 
Region 7 : 
Calf deaths iO So) 1S 100.8 
Calf weight losses 14.6 13738 ees 
Delayed calving eae ee) eed 
20859 Loud, je Rey 

Region 8 
Calf deaths Loe WS: 100.8 
Calf weight losses 146 Loe Wwe 
Delayed calving sent) No _ 6.1 
2086.5 L165) L192 





aThe above weipht. Losses were derived by adjusting Galt weight losses 
From unvaccinated and undetected infected cows by 899. 
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Decreased calf production per infected cow as a result of delayed. 
conception or open cows was calculated as follows (using Region 1 and 
second year of infection as an example): 


408 x .25 x .0647 = 6.6 pounds, where: 


.25 = three months' delay in calving as a result of 
slow breeders and/or open cows, 


I 


-0647 percent of infected cows designated as slow 
breeders or open in Year 2 of infection (from 


Table: 3). 


Following the above procedures, the beef losses per infected cow 
in unvaccinated, undetected herds were estimated for all regions by 
year of infection, and are listed in Table 5. Differences among regions 
in beef losses per infected cow is due primarily to differences in 
management practices manifest by differences in culling rates. 


Bee! losses per infected cow for vaccinated, undetected herds are 
shown in Table 6. These losses were estimated by multiplying each of 
the weight losses in Table 5 by .899, representing a 10.1 percent effec- 
tiveness of vaccination in reducing such physical losses as abortion, 
weak calves, ete., in brucellosis-infected cows. <A high level of 
vaccination has been found to substantially reduce the likelihood of 
infection. However, it has only limited effectiveness in reducing phys- 
ical losses should infection occur. 


Beef losses per infected cow in unvaccinated, detected herds are 
outlined by year of infection in Table 7. We assume that infected cows 
in detected herds are culled when they are identified. Hence, the 
differences in regional cull rates represented in Table 5 and 6 for unde— 
tected herds drop out, leaving only the differences in year of infection. 
The losses for vaccinated detected herds, shown in Table 8 were derived 
by multiplying the loss weights in Table 7 by .899 to represent the 
modest reduction in physical losses per infected cow attributable to 
vaccination. 











Table 7. Liveweight Weaner Calf Losses per Infected Beef Cow duc to Bru- 
cellosis, by Year of Infection, Unvaccinated, Detected Herds@. 











ek 2 Year of Infection a 
Item 1 2 8} 





--Pounds per Infected Cow-- 


Calf deaths 126.88 13.71 2.06 
Calf marae losses and premature marketings 27.47 21,36 16.20 
Normal calves Herkered prematurely pap bd 018) 47290 a 
Delayed calving of open = 32301 Gee 

Total 176.38 116.00 115.76 





Fifty percent of the infected cows were assumed to be identified as 
infected and culled prior to aborting or calving. 


























ES 


Table 8. Liveweight Weaner Calf Losses per Infected Beef Cow due to Bru- 
cellosis, by Year of Infection, Vaccinated and Detected Herds.? 


Year of Infection 
Item 1 2 3 





----Pounds per Infected Cow-- 


Calf deaths 114.07 Tos 2.97 
Calf weight losses and premature marketings 24.70 19.20 14.56 
Normal calves marketed prematurely 19.80 70.03 84.64 
Delayed calvings or open = 32200 eek] 

Otc 158.57 104.82 104.06 


a 





Fifty percent of the infected cows were assumed to be identified as 
infected prior to aborting or calving. The above weight losses were 
derived by adjusting calf weight losses from zero vaccinated, detected 
infected cow by .899. 





Dairy Losses 


The component sources of production losses for dairymen include both 
milk and beef. Beef losses are attributed to loss of calves through abor- 
tion and through weight loss due to weak calves. We assume the same per- 
centage loss of calves from abortion and weak calves for dairy as were 
used for beef. Table 9 lists the percent of infected cows which abort or 
produce weak calves for unvaccinated, undetected dairy herds. The percen- 
tage distribution for unvaccinated, detected herds was also estimated from 
Table 9 assuming that half of the infected cows would be detected before 
they calved or aborted. This modification was accomplished by multiplying 
the figures for loss categories in Table 9 by .50. 


Table 9. Estimated Basic Coefficients Used in Estimating Physical Losses 
for Unvaccinated, Undetected, Infected Dairy Herds, by Year of 














Infection. 
Year of Infection 
Item ieee J Pee 2 5 
==----=- Percent of Infected Cows----- 

Aborters" 60.0 sae alan 
Non-aborters 40.0 95.0 O9.G9 

Weak calves (30.0) (6.0) (3.0) 

Others (70.0) (94.0) (97.0) 


“Includes weak calves which die within seven days after birth 





It was assumed that 75 percent of the cows which abort would be 
culled from undetected herds as milk production dropped off toward the 
end of their lactation. Additionally, a standard culling rate for dairy 
cows of .281 was applied each year to cows which show no evidence of 
infection, for a combined total culling rate of .5624 for unvaccinated, 
undetected herds during the first year of infection. These culling 
rates are shown in Table 10 by year of infection, along with the percent- 
age of cows which either abort or have calves which die.’ Comparable 


Table 10. Percent of Brucellosis Infected Dairy Cows Culled and Pro- 
ducing Dead Calves by Year of Infection for Unvaccinated 
and Undetected Herds. 


a Year of Infee tion 


SRIEGI Ly to NOMEN gil cries gegen 2 2 eae 

- - - Percent of Infected Cows - - - 

Culled 56.24 50.60 43, 
Have dead calves 61.20 49.03 a Pare 


data for unvaccinated, detected herds are shown in Table 1]. Because 
detected herds are in quarantine, all infected cows must be culled when 
identified. Moreover, since half of the infected cows were assumed to 
be detected prior to aborting or calving, the percentage producing 
calves which die is one-half that of the undetected herds. 


Table 11. Percent of Brucellosis Infected Dairy Cows Culled and 
Producing Dead Calves, by Year of Infection for Unvac-— 
cinated and Detected Herds. 


Year of Tnfection 


LUC gop ne ee ae nnn el ato OR 
---- Percent of Infected Cows --- 
Culled 100.00 100.00 100.00 


Have dead calves 30.60 24.52 L624. 





Direct milk losses due to brucellosis infection results from damage 
to mammary tissue and from temporary vacancies in the milking herd due 
to unplanned culling of infected cows. Estimates of these losses are 
listed in Table 12 by year of infection for herds of different status. 
The appropriate figure from Table 12 was multiplied by the average 
regional milk production per cow shown in Table 13 to get the average 
milk loss per infected cow for each herd status. For example, the loss 
per infected cow for unvaccinated, undetected herds in Region 1 would be 
10,699 x .095 = 1016.4 lbs. 


The detailed procedures for calculating the data for Table 10 are 


described in Annex 5. 


Table 12. Percent of Milk Loss per Infected Cow due to Brucellosis 
by Year of Infection and by Herd Status. 


Herd Status and Year of Infection 
Kind of Milk Loss 1 2 3 


-- Percent of Milk Loss --- 


unvaccinated, 


undetected @ 9.50 10.26 10.50 
Ce ey 
undetected 8.54 O322 9.44 


unvaccinated, 
detected © 14.00 14.45 Mh 





vaccinated, 
detected 4 12.58 V3 T3225 





Cows are assumed to be culled at or near the end of lactation. In 
addition, it is assumed that one-third of the aborters culled repre- 
sents a one-month lag in obtaining replacement. 


Equal to .899 of the preceding row to account for vaccination. 
Assumes infection is detected mid-way through lactation, that cull- 
ing is immediate on detection and that one month lag occurs in ob- 


taining replacements. 


Equal to .899 of the preceding row to account for vaccination. 


Table 13. Average Regional Milk Production per Cow. 19/5-/6. 








Region Average Production per Cow in lbs. 








10,699 
10,291 
8,508 
10,000 
9,025 
9,479 
11,789 
13,935 


OO ION One = Cor NS 


nn 
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Table 14. 


Region 
& Item 


Region 1 
Milk loss 


Direct 
Genetic 
Total 


Region 2 
Milk loss 
Direct 
Genetic 
Total 


Region 3 
Milk loss 
Direct 
Genetic 
Total 


Region 4 
Milk loss 
Direct 
Genetic 
oval 


Region 5 
Milk loss 
Direct 
Genetic 
Total 


Region 6 
Milk loss 
Direct 
Genetic 
Total 





Region 7 
Milk loss 


Direct 
Genetic 
Total 


Region 8 
Milk loss 


Direct 
Genetic 
Total 








if oO 


CO};O © 


Milk Losses per Infected Dairy Cow due to Brucellosis, 
in Unvaccinated, Undetected Herds. 


Year of Infection 
Z 3 














1,097.7 l,123e4 
433.1 396.3 
1,530.8 1,519.7 
1,055.9 1,080.6 
416.6 35502 
147205 1,435.8 
872.9 893.3 
344.4 293.7 
1217.80 edie 
1,026.0 1,050.0 
404.8 345.2 
1,430.8 ¥,395%2 
926.0 947.6 
365.3 311.5 
Ip2gie3 1,259em 
972.5 995.3 
383.7 32302 
1,356.2 132285 
1,209.6 1,237.8 
AG RTE 2 407.0 
1,686.8 1,644.8 
1,429.7 1, 4632 
564.1 481.0 
1,993.8 1,944.2 
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Table 15. Milk Losses per Infected Dairy Cow due to Brucellosis 
in Vaccinated, Undetected Herds. 


Region . Year of Infection 
& Item il 2 3 

















Region 1 
Milk loss 
Direct D135 / 986.8 1,009.9 
Genetic _ 432.8 389.4 33220 
Total 1,346.5 ieee 1,341.9 
Region 2 
Milk loss 
Direct 878.9 949.2 SOA lise 
Genetic 416.2 a1074.5 3195.3 
Total Bee Oe. i hews aoe ws L290 sa 
Region 3 
Milk loss 
Direct 126.6 784.8 303.1 
Genetic 344.1 309.6 264.0 
Total Sie i AD eT 1,094.4 VU es: 
Region 4 
Milk loss 
Direct 854.1 922.4 944.0 
Genetic 404.5 363.9 SL0,0 
Loual eZ 101.0 {Mone ats 10. 1255-5 
Region 5 
Milk loss 
Direct 7170.8 B227.4 851.9 
Genetic BOs 328.4 280.0 
Total jee ie 9 Eeieeac T 15189 
Region 6 
Milk loss 
Direct 809.6 874.3 894.8 
Genetic 885.4 345.0 294.2 
Total So et eo fe 1 DAD 43 d upd bcos 8, 
Region 7 
Milk loss 
Direct Pe007..0 1,087.4 eee te 
Genetic 476.8 429.0 365.9 
Total 1--463'.8 151.654 TlATS.7 
Region 8 
Milk loss 
Direct 1,190.1 i255.) Tio13-4 
Genetic DOO? eed 432.4 
Total e538 Val 92'4 TSTarS 
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Table 16. Milk Losses per Infected Diary Cow due to Brucellosis 


Region 
& Item 


Region 1 
Milk loss 


Direct 
Genetic 
Total 


Milk loss 
Direct 
Genetic 

Total 


Region 2 


Region 3 
Milk loss 
Direct 
Genetic 
Total 


Region 4 
Milk loss 
Direct 
Genetic 
Total 


Region 5 
Milk loss 
Direct 
Genetic 
Total 


Region 6 
Milk loss 
Direct 
Genetic 


Total 


Region 7 
Milk loss 


Direct 
Genetic 
Total 


Region 8 
Milk loss 
Direct 
Genetic 
Total 


“| 


in Vaccinated, Detected Herds. 


Year of Infection 


NI} \O © 


FA}No oO 
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Table 17. Milk Losses per Infected Diary Cow due to Brucellosis 


Region 
& Item 


Region 1 
Milk loss 


Direct 
Genetic 
Total 


Regton 2 
Milk loss 
Direct 
Genetic 
Total 


Region 3 
Milk loss 
Direct 
Genetic 
Total 


Region 4 
Milk loss 
Direct 
Genetic 
Total 


Region 5 
Milk loss 
Direct 
Genetic 
Total 


Region 6 
Milk loss 
Direct 
Genetic 
Total 





Region 7 
Milk loss 
Direct 
senetic 
Total 


Region 8 
Milk loss 
Direct 
Genetic 
Total 


in Unvaccinated, Detected Herds. 


1,497.9 
855.9 
23) 60 


1,440.7 
_823.3 
2,264.0 


A T911 
__ 680.6 
eS 7a 


1,400.0 





Year of Infection 


2 


D310. 3 





[ee) 

1S, 

172) 
GO}\O 








Indirect milk loss due to brucellosis may be due to a lowering of 
the genetic base due to forced culling. This loss is estimated at 8 
percent® for each infected cow culled. It is estimated as: .08 x 
Regional production per cow x relevant culling coefficient from Tables 


10 and ll. 


The combined milk losses due to infected cows and loss of genetic 
base are listed by regions and by year of infection in: Table 14 for 
unvaccinated, undetected herds; Table 15 for vaccinated, undetected 
herds; Table 16 for unvaccinated detected herds; and Table 17 for 
vaccinated, detected herds. 


Practices differ among dairymen for disposing of bull and surplus 
dairy heifer calves. The predominent practice, however, among commer- 
cial dairymen is to dispose of surplus calves by selling them to others 
who then either prepare them for slaughter as vealers or grow them out 
as stockers and feeders or as dairy replacements in other areas. To 
simplify the analysis, we assume that all surplus dairy calves are sold 
within a few days of birth at an average weight of 85 lbs. The estimated 
live weight calf loss due to brucellosis is shown in Table 18 by herd 
Status and by year of infection. 


Table 18. Liveweight Calf Loss due to Brucellosis by Herd Status 
and by Year of Infection, per Infected Dairy Cow 


rear sO Intec tworn 


Herd ss Catus as i 2 


- - - - Pounds, Liveweight- - - - 


41.7 28.0 


Unvaccinated, undetected® D2.0 

Vaccinated, underecced: 46.7 Sine) 2522 
Unvaccinated, detected® 36.0 20.8 14.0 
Vaccinated, daregueda Zoe 18.7 1226 


“Equal to 85 lbs. times the appropriate coefficient in 
Table 10. 
Bequal to .899 of preceding row to account for vaccination. 


“Equal to 85 lbs. times the appropriate coefficient in 
Table 11 


praual to .899 of preceding row to account for vaccination. 


Sas a defense of this 8 percent assumption, see Annex 6. 


CHAPTER IV: ESTIMATES OF ECONOMIC BENEFITS 


In this chapter we summarize the projected economic benefits to be 
derived from alternative brucellosis programs. As stated in Chapter III, 
benefits are defined in terms of reduced losses due to brucellosis resulting 
from alternative programs to control or eradicate the disease. We will first 
summarize the physical losses of meat and milk associated with each of the 
five program alternatives tested, by regions and for the U.S. Then, for 
illustration only, we will estimate the economic losses experienced in 1976 
by primary producers (cow-calf operators and dairymen) whose herds were 
infected with brucellosis, using a partial bud get analysis. Finally, we 
will assess the economic losses to the total economy resulting from the 
disease under the five program alternatives. 


Physical Production Losses for Alternative Programs 


The brucellosis simulation model for the beef and dairy herds was used 
to project total numbers of infected herds (both undetected and quarantined) 
as well as the number of infected cows by herd size and by regions for each 
program alternative. By feeding into the computer model the physical loss 
coefficients per infected cow outlined in Chapter III (in Tables 5 through 8 
for beef and 14 through 18 for dairy), we obtained estimates of the annual 
regional and U.S. losses for meat and milk for each program alternative. 


1. The Base Program 

The base program was designed to represent the state-federal brucellosis 
program in effect during 1975-76. It was assumed that such a program would 
tend to perpetuate the level of infection at about the level prevailing 
during those base years. Projections of (1) numbers of infected herds (both 
undetected and quarantined), (2) numbers of infected cows, and (3) pounds of 
beef losses (in terms of liveweight weaner calves) due to brucellosis are 
shown in Table 19-B (beef) by years for the U.S. and for each of the eight 
regions. 


The cryptic column headings of this and subsequent tables require a 
brief definition. Column 2, "Undetected Infected Herds," lists the number of 
undetected infected herds in the U.S. or region; Column 3, "Quarantined 
Herds,'' shows the projected number of herds under quarantine; Column 4, 
"Quarantined Infected Cows," lists the projected number of infected cows 
within the quarantined herds identified in Column 3; while Column 5 , "In- 
fected Cows" lists the number of infected cows within the undetected herds 
listed in Column 2. The remaining column (columns for the dairy models) 
identifies the projected physical losses for that specified geographic region 
and program option. Each value is by year and the values are not cumulative. 


Notice that each of these crucial variables fluctuates above and below 
the level in year 0 (1976) due to, and following closely the pattern of, the 
cattle cycle. The cull rates built into the beef model reflect a cyclical 
pattern based on the last two cattle cycles. Total annual beef losses ranged 
from a low of 64.2 million pounds to a high of 92.0 million pounds, with 
total accumulated losses over the 20-year period projected to exceed 1.5 
billion pounds. 
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TABLE 19-B. 

SEKKKCEKSEVHEKKE ES 
ecceese SEEF MODEL 
REKEEAKSEHREKE SKE HK 


UNDETECTED 
YEAR INFeHERDS 


204650 
l9GG7Ve 
201066 
201945 
218216 
222656 
240676 
257406 
241836 
224536 
229556 
233276 
23I292% « 
217086 
22138e 
220766 
16 211826 
17 207036 
18 Vass se 
19 18197. 


UF WNMeOOMNE UN SWhReo 


(=> feo gre Bes pd poo 


KHEREEEKKREKEKEKE 


N6@TC SIMULATION MODEL 


eae eo? ee 8 @ 


Ue Se 


QUARNTDe 
HERDS 


15014. 
I5824e 
149096 
149220 
13669e¢ 
154056 
14986.e6 
159636 
20461 «6 
Are Valve 
1804364 
17459596 
179206 
195646. 
L7O076.6 
E7067. 
179O01Le 
3724606 
18438. 
157626 


KEKKEKEERSEREKKEKE 


BASE PROGRAM 


@eoeeseesdsd 


TOT AL SHEEREKEEEHEEEEEE RES ED 


ee a re eee ee ee cee ee ce me ee ee ee ee ee et ee a ee es ee ee se ee ee we we es ee ee ee a ae a ee ee ee eee ee eee ee ee 


QUARNTDe 
ENF eCOWS 


&523296 
3531196 
3377256 
3519926 
3401 066 
3674106 
3830096 
4154856 
590405806 
4972186 
27557 © 
4236836 
4348386 
4359991. 
4039156 
4100186 
4226496 
405057. 
421858. 
36243864 


INFECTED 


COWS 


9560864 


CALF LtOss 
POUNDS 


802537446 
653575046 
641843366 
666486246 
6703601624 
740828006 
755233920 
817687526 
919604806 
8895838464 
798836640 
79755 088e 
811838886 
829411366 
7566356864 
760592768. 
77397760¢ 
744387206 
747910886 
663744006 


a ec re ee ee re wr ct rm ee ws ec ee ee we wee ee ee a oe ee a ee 


UNDETECTED 
YEAR INF eHERDS 


L466 
1506 
1466 
1456 
158. 
1656 
L183 
201. 
18€.6 
1606 
1606 
L636 
158-6 
1436 
142e 
141le 
1346 
1306 
1026 
1026 


OONOMFSEUNB=OVUVMURUNSWNEO 


Pao bao fee PS pee fee pod pet Pmt pes 


GUARNTDe QUARNT Oe INFECTED 
HERDS INFe2CCWS CcOws 
1506 25936 5706 
1506 20226 2656 
146.6 20276 S626 
141. 20726 S706 
i266 192606 6316 
1426 22336 6636 
139 22056 Tale 
Sie 24686 8206 
20le 3189-6 7506 
2076 30956 6386 
1666 24366 6346 
1556 2354e 6486 
1646 24946 6286 
L74e6 25796 S636 
L296 21956 5606 
1466 21856 5566 
iS0e« 22436 S306 
1436 211864 5166 
1636 2387e 3936 
120. 16466 3936 


B-34 


CALF LOSS 
POUNDS 


4571796 
3835366 
3ESi71le 
392217. 
3842146 
4322196 
4435756 
4SG4574e 
5793786 
5456366 
4552656 
4463 74e 
461247. 
461027. 
4079036 
4058706 
408901. 
38932664 
4010286 
301742. 








TABLE 19-B (Continued). 


SHESEEKEREKEKEEE 


SSRSAKKRECKEHERE RE GE ON 


OONDUFUN=ODDNOUN PUNO 


(=> pa et pee peed Pd face fed ped pet 


KHEHEHSEKEEEREKES RE GI ON 


0 


YONOU PUNK OUMNOUS WA 


eee 


BEEF MODEL 


UNDETECTED 
YEAR INF.HEROS 


38e 
436 
456 
48 
SSe 
60 
706 
T9 
TG6e 
696 
70-6 
74e 
736 
6G e 
5Ge 
6G 4 
57e 
666 
566 
S5e 


UNDETECTED 
YEAR INF.HEROS 


50926 
510Ge 
5184. 
S287e 
59186 
61946 
6804=a 
T3990 
70596 
66866 
67806. 
69256 
69226 
6657 .e 
67196 
6701. 
65766 
6S5lle 
5904.6 
58106 


NBTC SEMULATIGN MODEL 


@eeeeeess 


QUARNTDe 
HERDS 


27e 
37le 
426 
450 
436 
Sle 
SiZie 
S59e 
80>. 
836 
T06 
656 
Tie 
T66 
686 
686 
706 
67 
7T5e 
606 


QUARNTOes 
HERDS 


34626 
39166 
39256 
3952 06 
35306 
40336 
40606 
4389.6 
57496 
61056 
5474.6 
52220 
53566 
5647.6 
52296 
51956 
52886 
S172. 
5625e 
49296 


REEEKCKAKKEREKKKE SE 


BASE PROGRAM 


2 TOT AL S¥eKEREREEEEES 


—— ee ete ee ee ee ee ee ee 
ae a ean eae NS RD SR RES See seis sp “aD” ous a anf Sosy Ge spe opti (atu AUc Nos suns Sy “suas emu cs iy comps, aps ‘sans: ea cms scl rs ua ms 


QUARNTDe 
ENF eCOWS 


324%e 
4306 
5406 
594.6 
S876 
T7306 
T44e 
864.6 
11506 
1090. 
904. 
&766¢ 
9606. 
9956 
B382e6< 
900-6 
9166 
8756 
951le 
74806 


INFECTED 


cows 


976 
A226 
1366 
148. 
l77Te 
194.6 
2286 
261e 
2396 
212-6 
2156 
2296 
2266 
2106 
2126 
2lle 
2036 
1996 
167e 
1666 


CALF LOSS 
POUNDS 


615756 

817326 

99481. 
109226. 
1138976 
1365936 
1456566 
16781964 
2019306 
188662. 
1637796 
1625706 
1733516 
1751506 
160137. 
162251. 
1627956 
1566056 
16100264 
1334346 


3 TO TT A LL G¥REKRKEREERESE 


_—_—— rr ew ew a a ee ne ee we ee ww es ee er ee ee ee 


QUARNTDe 
INF.COWS 


79878e 
637796 
630696 
655286 
600196 
TILSS © 
739376 
81807. 
104941. 
103187. 
903446 
B791l2e 
915036 
941436 
857086 
B69 39 e 
87955Se 
851496 
913126 
785746 


ba) 


INFECTED 


Cows 


203166 
195356 
200056 
20790. 
241566 
257346 
286216 
314096 
292996 
269576 
26971. 
276806 
274216 
261096 
263426 
262876 
257406 
2551 7.6 
2295864 
224706 


CALF LOSS 
POUNDS 


143312176 
12083454. 
121325906 
125771796 
125193896 
1457001 Se 
152073186 
167975206 
194691526 
187996006 
170905766 
16843152e 
172848326 
174111526 
163189936 
1646748 le 
16508191. 
16091781. 
1648277Te 
146717802 


TABLE 19-B (Continued). 


HRKEKEEKKESEEKEEKS 


eeevese#e 


HEKRKEKEKHEEKKKESE R E G T ON 


YEAR 


ODNONSWADHKOOBNRY SUN &O 


Pad fad pes Pot pans ford for Pad pod pe 


SRSEKEKESKKKEEEEK RE GI ON 


UNDETECTED 
YEAR INFeHERDS 
.¢) L28726 
i 1246064 
2 L2584e 
3 126156 
4 134646 
S 136226 
6 146236 
4 1552S5e 
E 14517. 
S 133786 
10 L3751le 
11 139346 
12 13912e 
13 1275Se 
14 130930 
Es) 13047. 
16 12376-6 
1? 120086 
18 107046 
19 108646 


UNDETECTED 
INF eHERDS 


BEEF MODEL 


NBTC SIMULATION MODEL 


GUARNTDe 


HERDS 


39B87.e 
6096 
6026 
S936 
S6le 
6026 
S90e 
6196 
F436 
T9lLe 
7146 
6896 
7246 
77260 
7166 
7186 
T3800 
7250 
804. 
CTO5e 


QUARNTDe 


HEROS 


93966 
95396 
B6E756 
86966 
80396 
90486 
8657e 
GiTle 
117296 
12075e 
9967. 
97496 
100096 
111966 
G407e6 
9461. 
10101. 
96556 
LO2736 
B6436 


SHEEKKEKKEKEKKEKESSE 


BASE PROGRAM 


4 TOT AL S#HEREKEREEEEE 


ee coe em mee ee em ee es ee ee ee es ee ee ee ee ee ee ee we ee ee ee ee ee we we ee ee wee ee ee ee ee ee ees a wn eee 


QUARNTDe 
INFeCOWS 


312046 
248490 
246556 
261206 
266976 
289636 
29597 .e 
314936 
352626 
3600106 
3410864 
33BO07%e 
348850 
358326 
343546 
345046 
349060 
344630 
356966 
S311. 


INFECTED 


cows 


8718.6 
T7276 
7727.6 
806364 
859B8e 
89596 
9535e 
10104. 
1004862 
97386 
97966 
10000.6 
L00406 
9807« 
98536 
98706. 
9774. 
972864 
92136 
910le 


CALF LOSS 
POUNDS 


S6S8272e 
46492376 
46802536 
493277 1e 
510281 7e 
S4704L le 
5655894e 
60114566 
6507061 e 
6554321e 
63125666 
63092936 
64583276 
65442636 
63546626 
63787746 
6414847e 
63476276 
64249726 
60593006 


5 TO FT A LL G¥EKEEEKKERKEKSE 


— See a ce eee em me ee me me eee ee ee ee ce cee ee wr ee ee ee ee we re ee ee ce er ee we ee we ee we we ne ee es en a se = 


QUARNTDe 
INF.COWS 


2990156 
234687 2 
2199636 
22940364 
2242826 
250779 « 
2471806 
2655926 
3189286 
3167346 
2684466 
267444 
2733766 
293317¢ 
251871. 
2561796 
26062266 
2539986 
26288364 
2243966 


B36 


INFECTED 


COws 


76189 6 
673336 
683796 
TO04Bl.e 
7TO1S36 
782456 
B43336 
903146 
85447. 
774146 
T8239 ¢ 
796466 
7976864 
731806 
T41536 
T4439 6 
714046 
688936 
613626 
60040. 


CALF LOSS 
POUNOS 


533207686 
434305286 
421411366 
437986246 
441733126 
48068784. 
487524320 
524005446 
584979366 
567942726 
505561926 
5067958464 
514484166 
528986086 
475269286 
482218886 
48880080e 
467425286 
467077766 
4124824006 


TABLE 19-B (Continued). 
RESEEHEREEEEAEE SESS NBTC SIMULATION MODEL Eee KER EH HKKEEERE 


eeceoe BEEF MODEL eoeetrsveen BASE PROGKAM eersveces 


HERERKEKKHREAESRS RE G 1 ON 6 TOT AL S¥EKEEEKEEKKES 


—— — ——— — _— —_— 
—— oe ee ee _— _ LL —_—_ FT] cs ee ee ee ee ee ee ee ee ee 


UNDETECTED  GQUARNTD. QUARNTDe INFECTED CALF LOSS 
YEAR INF.HERDS HERDS I NF e COWS Cows POUNDS 
fe) 7356 1050. 279016 40036 4527851. 
i ee 1149.6 19842. 36436 3416040. 
2 6826 11246 203036 36026 34907876 
3 65B6 1124. 21042. 35666 35845386 
4 7416 1033. 19648. 4107e 35178456 
5 729.6 1181. 239866 40996 4099542. 
6 B256 11526 226186 46376 40319696 
Z 9066 1231. 25411. 51566 45226856 
8 7666 1568. 31740. 4417. 52133486 
9 668-6 1543. 284936 38066 46515096 
10 6556 12936 23966. 38926 40606826 
11 7056 124B. 241286 39606 40954636 
lz 707. 1265. 243886 39806 41349826 
13 614. 13656 259066 3499-6 42401786 
14 6426 1191.6 220916 3601.6 3746074. 
1s 6466 Li74. 226526 3644. 38322646 
16 5806 12496 23771. 33036 39080246 
17 5506 1187. 220036 31036 36271536 
18 4676 11896 220306 2640. 35402656 
19 4536 1036. 18524. 25686 3049454. 
EKEESERESERHEEE RE GI ON TJ TOT AL S¥KEKEEEKEKER 
UNDETECTED QUARNTDe QUARNTDs INFECTED CALF LOSS 
YEAR INFeHERDOS HERDS INF .2CCWS cows POUNDS 
0 4076 3236 10910. 1900. 18230396 
1 3586 4006 71006 1510. 1242884. 
2 319.6 369.6 66766 14106 11726526 
3 290. 3446 67006 13526 11659946 
4 2856 Si2- 641B. 13716 11349296 
5 2696 320. 6961. 1347. 12050186 
6 2726 3096 6731-6 13966 1185901e 
7 2756 313-6 7194. 1460. 1263711. 
8 2526 3556 80836 13876 13691306 
9 221.6 371.6 79046 12306 1312607. 
10 2136 329-6 6769-6 11756 11493296 
11 2106 3036 65886 - 11646 11237846 
12 2026 301. 66266 1138.6 1124061. 
13 190. 3056 6607. 1092. 11129996 
14 1846 288.6 62766 1057.6 1061045. 
1s 120. 277 61156 10366 10354656 
16 1736 2766 6081. 10086 10257496 
17 1676 2706 5927.6 977.6 998661. 
18 140. 2826 6056-6 B42 988237. 
19 1396 2456 49916 8156 839376. 
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TABLE 19-B (Continued). 
EKKEKREREEEEEKERE 


ESREKSEEKEHEEEESH FR E 


VEAR 


OMNOON FUN —OVODWOU WYK O 


fee Po pee RE Set iO BO oO ps pS 


BEEF MOOEL 


UNDETECTED 
INF eHERDS 


240 
236 
226 
ele 
226 
236 


246 


GItoOn 


QUARNTDe 
HERDS 


206 
256 
27e 
ale 
266 
LCI 
296 
JIOe 
36e 
37e 
Jie 
296 
306 
3le 
286 
2Te 
286 
2Te 
29e 
246 


NBTC SEMULATION MODEL 


BASE PROGRAM 


EKEKEKEKRECKEKEKESE 


8 TO FT AL SR¥ERKEKEKEEKES 


a ee ee ee oe ee ee ee ee oe ee oe ee ee re ee ee we we ee we es a ee a a ew ee oe = 


QUARNTOD. 
INF e COWS 


4406 
4096 
4936 
Ice 
5296 
6UGe 
Dy ve 
Oe 
TbU4e6 
7J6e6e 
5BG e 
ioe 
OOT7e 
Ol te 
D3be 
5456 
So 36 
y2dSe 
5436 
441. 
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INFECTED 
CCws 


6Ge 
T%e 
7T8e 
TI 
83-6 
9WOe« 
GBe 
LO00e 
G3e 
7Be 
T9°¢ 
Bee 
B06 
Tee 
T2. 
T2e 
O69 e 
O7e 
56e¢ 
556 


CALF LOSS 
POUNDS 


T3IB87.6 
701186 
&O23006¢ 
BB1LOTe. 
49640. 
1002466 
1012796 
110467. 
1225826 
1118196 
953016 
G9489T.e 
GB719.6 
9T7TBS3e 
878566 
888106 
892256 
B850606. 
850836 
7Tlil2e 


TABLE 19-D. 


HEKEKEKKEKKEKSE EK Y 


NBTC SIMULATION MODEL KKKKEKSEREKKK KE KES 


eccoee DAIRY MODEL BASE PROGRAM 


oy a ee 


SRERKEEEKEEEEKES Uo So TO FT A LCL S¥eEEEEEEEKERSERERKEERESE 


Ate eee ess eee ee ee ee we we ee ee ee ce ee ee ee ce ee ee ee a a ae ee 


UNDe QUARNTDse QUARNTD. INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HROS INF eCOWS COWS POUNDS POUNDS 
0 209. 6835. 16800. 1400. 403522. 38057984. 
ie OA epg 154236 1285. 363686. 35278160. 
peeetics.s, 7732 12622. 1052.6 299638. 28752864. 
leel4ts 132% 117176 9764 278686. 267741286 
eee tas. 7173 11362. O47. 270380. 26029184. 
weealses 72% 11330. 944.6 269859. 25959904. 
eeeetsa. 750% 115336 Gols 274808. 264266086 
peeutce.. rae? 119256 994. 284282, 27309504. 
Peeeiro. este 12483. 1040. 297693. 28546464. 
leg LE ty 128776 10736 306969. 29426528. 
TOEmElCn.. B27 12904. 10756 307309. 29499184. 
Migeeloss 813% 12798. 1067s 304686. 29276512. 
fpeeatce.  sie22 127536 1063-6 303665. 291828166 
PaealéGe 612% 12754. 10036 3037156 29189248. 
Pameeiots 794% 12624. 1052. 300492. 28907280. 
foaeaisos Tels 12467. 1049. 296719. 2856057126 
16 158. 775-6 123536 10296 294055. 28317168. 
Paes: 7e6 12215. 1018-6 290735e 28015616. 
Peete 74.7.5 120356 1003% 286388. 276218566 
Pomeesicss 710s 11661. 972% 277331. 26804224. 

KHEKKKEHEKKEEKEREKE RE GL ON 1 TOTAL Sipe ad hosted ache os 

UNDe QUARNTDs. GUARNTO. INFECTED CALF LOSS MILK LOSS 
YR INFsHRDS HRDOS INF eCOWS cows POUNDS POUNDS 
O36 1605-6 134. 386592 4047638. 
1 eee 1288.~ 1076 30618. 3246943. 
2 Te ee 1043.6 87. 24903. 26302156 
3 L4e 646 Gile 100 217736 2296 3626 
4 ime. woe 8306 OF 198572 2092023. 
5 NER Oe Ste 797.6 60% 19091e 2008449. 
6 is a5 oe 794. 66. 19052. . 20023496 
7 14, 626 8206 bu. 19688. 20674286 
8 15s. | 66¢ 869.6 Pe 20871. 21902136 
9 150 68. 897 « 756 21542.  2262075-~ 
10 las lieu. 8830 T4e 211656 22255336 
it tas. “zeke 857 « PVs 20554. 2162022. 
12 iss lees. 8436 700 20218. 21257926 
13 Wis .sGze 8336 eh 19987. 21012426 
14 13 596 8106 676 19415. 2042146. 
15 12. 58. 7876 666 18859. 19837126 
16 bs Eso. 7706 64.6 18455. 1940806. 
12 55 7526 65. 18036. 1896784. 
ee ae Pasa: 734.6 Ol’ 17596. 18507066 
19 tte (hace 6926 586 16582. 17456666 
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TABLE 19-D (Continued). 
NBIC SIMULATION MODEL 
BASE PROGRAM 


SSSOSSESSVSESSESES SS 


OAETRY MODEL 


SSSSSSSKRESKECS*E RE GION 2 


URDe CUARNTDe QUARNTDe INFECTED CALF LOSS 
VR INF eHROS HROS INF eCURS cows POUNOS 
0 Ze lde Gle Ye 1474. 
a le 6e 56e Se 13936 
2 le Se S36 Ge 12736 
3 le Se &9De ae 1161. 
4 le Se 460 4e 1088. 
5 le Se 4Se 4e lO72e 
© le Se 466 4e 10956 
7 te Ge 486 Ge 1160. 
8 Le Oe 536 4e 12596 
9 Le Oe 556 De 1327. 
10 he Ce S6e Se 1337. 
ie le Ge 566 Se 13356 
le le Ge S0e De 1344. 
13 le Qe 57. Se 1354.6 
14 le Oe 566 Se 13396 
15 le be 556 Se 1324.6 
1G le 6e 596 Se l3i2e 
i7 le be 54e Se 1294. 
18 le Oe 536 4e 1274. 
iS le Se Sle %e A214. 


SSHSSSOSKESSEESEKEK KH EGE USN 3 


UNDe QUARANTO>*’ QUARNTOe INFECTED CALF LOSS 
VR INF eHROS HROS INE -COwS Cows POUNDS 
(0) T9e 31%. 5207. 4346 425173. 
1 8606 2406 3957e 3IOe 934066 
2 386 192e 2978e 2480 TO0O7206 
3 356 17s3e 29936 21 be 6176364 
4 3% 1656 240860 20le 574356 
5 356 167e 235576 19Ge5u 56314. 
6 360 L736 23966 2006 57301. 
7 366 184. 24996 2UB86 59804. 
8 Gle 197e 26526 22le 63498e 
9 420 2046 27686 Z23le 662486 
10 42e 2026 2797. 2itde 608756 
ai 42e 2016 2791e 2336 66699 6 
L2 420 2ZOle 27956 2ite 66805e 
13 42e 20206 2804e 2340 670306 
14 le 2006 27866 23ce 66585. 
15 le (9Be 27636 23VU60 66028. 
16 4le I97e 27466 2296 656186 
17 406 195Se 272 36¢ 227e 650606 
1a 406 19D3e 26946 2256 64381. 
19 I3IBe l8S5e 2617. 2156 62504. 
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S8ESESSEEKRSESEECEEEE 


@eeeee0 © 


TO T AL S¥eKESKEREKEES 


PSD OS @ © OSS SB SVT O28 OES2OE2 OT WOO 828 CO 2O2 | © oO Sw SOO oe www = ewes oe we we ow ew 


MILK LOSS 


POUNDS 


14764l1le 
14148le 
1297096 
1182196 
1106436 
1087896 
111030. 
Li75Sille 
1274336 
134390. 
135624.e 
1354066 
1363636 
1373726 
135 864. 
1343296 
1331066 
A1Z13296 
I292656 
I123318-6 


TG T AL S¥KEKEKEKKEKEKERS 


MILK LOSS 


POUNDS 


10443844. 


79339416 
SS7L1LO7e. 
S197755e 
482766864 
4725728. 
48036386 
SO1L0297.6 
S3L7201 6 
5550 1666 
S608164. 
S5S9S1466 
56030506 
S6216066 
SS5S86012-. 
55395886 
5504649. 
54583326 
5401644.6 
52470536 


TABLE 19-D (Continued). 


EEKSEKERKKKEEE KEKE 


NBTC SIMULATIUN MODEL ##eeeeeeeeeeannn te 


@2e@eeeosd DAIRY MODEL e@@eeeeeeed BASE PROGRAM 9ea2woeeee@ 


OFFERS EEKEHEEES RE G I UN 4 TO TAL SUeeeeRKEEEKE & 


—_—_———— ea ee ee ew es ee ee ee we ee ee ee we ee es 9 ee ee ee a ew ee es oe ee 


UNDe QUARNTDe QUARNTDe INFECTED CALF LUSS MILK LOSS 
YR ENFeHROS HROS INF eCOWwS CUws PGUNOS POUNDS 
0 19. Tle S3416¢ 44536 1279836 12591 584. 
A 10e Tle 496066 414.6 lisesi. Ai7OLLS7. 
2 (ar) T1le 320360 267.6 T480G96 75458546 
3 Ge S3e 23756 198e 558566 55973356 
4 66 AT 2057.6 i7he 48507. 48479676 
5 Ge 446 1918e LoOQe 453126 45203386 
€ be 440 I875Se 1566 443456 4418599. 
7 6 « 44%6 l1sdGte 158e 447436 44550906 
8 Ge 45e 1944.6 lode 46042. 4582007. 
9 Te 47 20046 1oO7.o 474496 &7226376 
io Ge 47Te 203546 1706 48135. 479421646 
11 Ge 47e 20386 1706 4&4B212. 48034136 
i2 60 47e 204l1le 170.6 48294. 48105966 
13 To 47e 20526 l71le 485506 48356446 
i4 6e 47e 20546 iVle 485776 48394856 
45 Ge 47 6 20466 l17ie 483906 4821504e 
16 6e 47e 2038 e 1706 48212. 48033266 
17 6e 47.6 2O3Le 169e 480436 &786621.e 
18 6e 47Te 2021. 168e 47800. 47627406 
19 Ge 4060 1990.6 lOGe 470426 46890276 


SEREREKEREKSESKSEK R E GIT AN 


mee rcs meme ce ee ce es ee we ee ee ee ee ee we ee es es ee ee we we we oe ee = 


INFECTED CALF LOSS 


UNDe 
YR INFeHRCS 


Sle 
C4e 
67 « 
686 
696 
T26 
T4e 
78.0 
B2e 
B36 
B06 
T8e 
78e 
7860 
766 
756 
14.6 
T36 
The 
666 


OONAKHFS UNM OCOMONAUN UNO 


S=> pet Oo ge ES b> P= PO 


QUARNTCe 
HRDS 


2056 
2926 
317. 
3266 
333 
3456 
3576 
3736 
3946 
4006 
38G 6 
381e 
3806 
381 
371le 
364.0 
361 
3546 
3440 
3256 


QUARNTDe 
INF -COWS 


28406 
3277.6 
36726 
40236 
42106 
43826 
454586 
47386 
49071. 
51226 
5107. 
50416 
50076 
49976 
49236 
48356 
47740 
47006 
459864 
44156 


Jeet Get A’al- 


COWS 


237 e 
2 3e 
3066 
3356 
3S1le 
3656 
37396 
39Y9e 
414e 
427 @ 
4266 
4206 
4176 
4166 
4106 
4036 
398 e 
3Y2e 
3B Je 
3686 
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POUNDS 


68287. 
T83226 
880696 
961926 
100587. 
1046836 
10862 86 
l1LZLI79e 
118764. 
1223106 
121838. 
1202236 


SHEE EK EKEKE KKH 


POUNDS 


60420826 
69681746 
7B09S326 
8555940e 
89547856 
93202326 
96721140 
LOO7T63316 
LOSTLIS4e 
108928306 
108623946 
107213446 
10648987. 


£0628183.6 


104692206 
102833646 
101525946 
9995182. 
97794126 
93896026 


TABLE 19-D (Continued). 
NBIC SIMULATION MODEL 
BASE PROGRAM 


SSSSSOSSESSKSEKKS SESEKSSKSEKEKKEKEKEKEK SE 


cceoeee DAIRY MODEL ecocccccce 


SSSCSHHSSKSSECEEKE KR FE GION 6 TO TAL SBSESHEKEEEESRE 


SSS ce em ae em ee ee ee we ew ee we ee we © we es ws es ee ee eee ee es i ee 


UNDe QUARNTOD>s’ QUARNTDe INFECTEO CALF LOSS MILK LOSS 
VR (NEFeHROS HROS INF e-COWS cows POUNDS POUNOS 
0 146 556 S246 44%e 126256 1170281. 
i Se O9e S736 a&8Be 13766. 12789246 
2 Se 6Ge 6106 Sle 146826 &§3625266 
3 14.6 O7e Olge Sle ‘47036 13684036 
4 1%e Ode 5966 SVe 14291. 13305926 
5 14%. O7e 595 e 506 142966 13300006 
6 14.6 oB8e O036« SO6« 14491le 1347525e 
7 Se Tee 627.6 5S2e 1S507Se 1400991e¢ 
8 A7e 77. 6666 ODe 16014. 148742864 
SG 166 77e 6806 57e 163496 1519971 e 
10 ISe T3e 6636 956 is9l2e 14812596 
a1 15e Tle 6044e 4% e 15444. 14378396 
12 Se 706 634%. S3e 152186 14162126. 
13 1Se 70.6 63le oe 15145e 1409048- 
14 14%. 6Gbe 6156 Sle 14745 1372624. 
1s 1%. 606 6006 906 14404. 13409056 
16 14.6 656 S592e 496 14220. 13233086 
17 l3e 646 5796 4Ue 13899. 12937406 
18 l3e Ole 56le 47Te 134566 42529286 
19 l2e STe 5306 446 12704. 1183617. 


SC a a 8 ee we ae ee ee oe ee oe ee SS ee ea ee ee 


UNDe CUARNTO.’ QUARNTDe INFECTED CALF LOSS MILK LOSS 


YR INE eRROS hROS INF eCOwWs Cows POUNDS POUNOS 
0 14.6 94-6 791 O6e 18977. 219T7087~- 
1 6e 300 S4le 456 127026 1504141. 
2 4&e ale 3686 3sle 8697 6 1022447. 
3 3e 16e 2986 2506 705Se 8282456 
4 3e 146 2506 2le 59156 693843-6 
5 3e Je 21Bbe lBe 5182. 6068966 
6 3e lee 1986. L7e 47126 5511636 
7 3e l2e 186.6 166 44336 S1801 36 
8 se l2e Ble Se 4297 « 5015996 
9 2e lle 1766 Se 41776 4875706 

10 2e lle 1666 14. 39936 4664136 

11 2e LO~e 1606 Lae 38056 444590. 

l2 2e 1065 154.6 ljae 36566 4269646 

43 2e Ge 149 6 l2e 35356 412846. 

14 2e Ge 143.6 l2e 34096 398190. 

15 2e Ge 13806 l2e 32926 3845026 

16 2e Be 134. Ale 31936 3728256 

17 2e Be 1306 lie 31006 3620466 

1& ee Be l127e lle 3O1O6™ 351499. 

19 2e Te 120. l0c«e 2860e 3342856 
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TABLE 19-D (Continued). 
SOKKESEKEEHEEEEH NBTC SIMULATION MODEL 


@eeoe00 DAIRY MCDEL @eeeeeed 0 


SEKEKEKEKESKE KEE EE 


BASE PROGRAM 


SESSSESESEHKKKKEKEKK RE GET ON 8 TOT AL GS¥RKEKEEKEKERERE 


UNDe GUARNTODe QUARNTOe INFECTEO CALF LOSS MILK LOSS 
YR INFeHROS WROS INF eCOWS Cows POUNDS POUNDS 
O Ge L7e 4326 366 10343. 14178626 
i Se 2le TO360 646 t7799~ 25034426 
2 6e 266 695e 28 e 16485. 2281511. 
3 Ge 27e 8566 7Le 20184. 28118956 
4a 6e 296 966 Ble 22701. 31716936 
5 Ge 306 1017. B56 23908. 3I3IS12V%e 
6 7 jie 1072.6 BVe 251856 35202196 
7 Te 32e L1ll6.e Qi3e 262006 36638856 
) Te 336 1148.6 966 269496 37694576 
9S Te 336 117Se 9Be 275686 3856897. 
10 Te 346 11966 LOO. 28054. 39256196 
11 Te 346 l2ile 101. 284156 39767936 
|r Te 346 12236 LO2e 28684. 40148706 
13 Te 346 l12326 1036 288856 40433566 
14 Te 346 123864 L036 290296 40637706 
is Te 346 12426 104.6 291286 40778266 
16 Te 346 12456 1046 291906 4086587e 
17 Te 34-6 12466 1046 292256 40916236 
1e Te 34e 1247-6 1046 292396 40936926 
19 Te 346 12466 104. 292236 4091690. 
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Relevant projections for the base program model for dairy herds 
are itemized in Table 19-D (dairy)--again, first for the total U. S. 
and then for each region, in turn. Whereas, infection in beef herds 
stabilized under the base program, infection in dairy herds trended 
slightly downward, particularly in terms of both numbers of undetected, 
infected herds and numbers of infected cows. Similarly, annual milk 
loss declined slightly from 38.1 million pounds in year O to 26.8 mil- 
lion pounds in year 19, with similar declines in calf losses. However, 
the number of quarantined herds declined very little. 


25 The Accelerated Program 


The accelerated program was designed to approximate the APHIS 
"10-year accelerated brucellosis eradication" program, with a few 
slight modifications to accomodate our regional model specifications. 
Under this option, the high prevalence states comprising Regions 3, 4, 
and 5 were placed under area testing programs. Prior to area testing, 
first point of concentration (FPC) testing was completed. Whereas the 
APHLS model initiated area testing by states, in our regional model we 
assumed that testing proceeded on a regional basis as follows: 


(1) Area testing was initiated in Region 3 in year 2 of the pro- 
gram (1978) covering one-third of the region each year, with 
area testing being completed in year 4. 


(2) Region 5 entered into area testing in year 4, covering 
one-third of the area by per year and completed area test- 
ing in year 6. 


(3) Area testing was started in Region 4 in year 5 and completed 
in year 7. 


Infection levels, including physical losses, under the acceler- 
ated program are shown in the Table 20 series. It is reasonable to 
expect that during the period when the accelerated program was being 
carried out in the region, the level of quality control~ was expected 
to increase materially due to increased understanding and awareness of 
the program. However, in the real world it will take an active program 
of education and promotion to maintain that higher level of awareness 
and quality control after area testing is completed. 


The infection and loss data in Table 20-B-1 were projected for 
beef under the assumption that the high level of program quality 
would be maintained in each region after area testing was completed. 
The number of infected herds was reduced sharply and steadily over 
the period--especially for undetected infected herds. Similarly, the 
number of infected cows was greatly reduced--in both quarantined and 
undetected herds. Annual beef losses by year 19 were reduced to just 
over 10 percent of the annual losses when the program started. 


 OAIAey control relates to the extent of cooperation between state 
and federal workers, industry representatives and producers, as 
well as quality of performance. Its role in the simulation model 
is discussed in Annex l. 
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TABLE 


SERSEKSSKEKEEKE KH 


20-B-1 


e BEEF MODEL 


NBTC SEMULATION MODEL 


eKCEKEKRSEKERKEKEE UL Se 


UNDE TECTED 
YEAR INFeHERDS 


CeHENOU SUNK OVONOUN eS Whe Co 


-— peo 2 pe Pe pO be FP Gee 


204656 
191836 
1B627T7. 
l1b2S51e 
170106. 
14959. 
141636 
13137. 
10S¢48. 
8924. 
B2ile 
75406 
67186 
5543.6 
5074.6 
45366 
3874s 
33706¢ 
2620e 
22876 


QUARNTD. 


HEROS 


15014e 
16637. 
15494. 
149236 
15671. 
155286 
12893. 
11803. 
12087. 
10940. 
B2l2e 
T059e 
65596 
6348 
49626 
4418. 
41386 
3564.6 
33906 
25466 


ROCOKREEEREHHEKEE RE G I 


UNDETECTED 
YEAR INFeHERDS 


OONOU FUNK OOMNAUNSWNPKO 


2 pe pe Ph pe PS po pe OS pe 


QUARNTDe. 
HERDS 


SREKEKEKSKEKEKEKER SE 


ACCELERATED PROGRAM #1 


e@eeeeee82 


TOT A L S¥eEKERKEEKEEESEKREEEKEES 


_——_<— _— 
ee ee ew ee we ee ee —_—_——— ee ee ee ae oe es ee ew ce es ee os ee a ee eee ee ae ee ee 


p-4° 


QUARNTDe INFECTED CALF LOSS 
INF eCOWwS cows POUNDS 
45232496 1118626 80253744. 
3658446 962706. 663243846 
33920006 94667e 63076448e 
3430046 95797. 638047366 
360111. 857&7. 671702246 
3532266 735546 612671206 
29I3SGIOVe 672186 52164144. 
265052 6 612576 471485766 
2599766 SO6O01l. 43811056. 
2195556 40517. 370740486 
140660de 33IB4&0e 260053766 
1357706 300826 238278246 
1c#lO09ce 246606 216606086 
993746 223736 17510896-e 
890906 20126. 15799832. 
B29249~6 171906 14324631. 
T07TY930e 14791. 122428356 
647876 11S206. 108648286 
491156 99736 8458692e 
ON 1 TO TFT A LL S¥RKSKREKEKRESR 
QUARNTV.e INFECTED CALF Loss 
INF e-COWS cows POUNDS 
2593 6¢ 570.6 4571 79e 
202260 5656 3835366 
2007-6 5566 3810586 
2016. 5556 3812246 
lBI5j4~e 6026 3655576 
204b6 609 6 3955566 
1V91De 64Te 3844626 
20066 6726 4005326 
24056 S736 4358836 
21586 4S le 3796546 
19496 &l2e 28926364 
L3jo4e 3866 2587166 
15206. 344. 2443466 
12486 2806 22300 3e 
957.6 253-6 178224. 
BO36« 227. 160450e 
B00. 196¢ 1459466 
OB8le 1726 1252236 
08Ge L19e 1161606 
427.6 L066 782446 


TABLE 20-B-1 (continued) 


SSSSCSSHSEHESHEEE NETIC SIMULATION MODEL S8Ee4FSESESEEKEEKEEE 


eecooe BEEF MCOEL eee ACCELERATED PROGRAM *#l eoeeeecee 


*O4SE$SECHERETERESD RE GION 2 TO AL Skee eee ketet 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 


YEAR INF HERDS HEROS [NF eCCwS cows POUNOS 
¢) 386 27. 3240 976 6015756 
i 436 37-6 4306 122e B17326¢ 
2 a&36 4le 514. I3le G4714e 
3 44 406 5306 1356 976156 
4 48e 366 4926 1S2e 956086 
5 506 4le 574.6 1S8~6 1077656 
6 S55e 406 59546 1766 1085756 
7 59. 426 OU IXs6 1906 1179596 
8 S36 S4e T7506 164. 1323256 
9 &56 S2e 65GVe 135e 114580. 
10 &4Jje 406 49664 127le 91077. 
ia 420 356 244 36 125e¢ B3141l.e 
le 3S e 356 448-6 11S. 8184le 
a3 336 356 431. 99e 765526 
14 Ble 2B8e 3S4YVo Q2e 641036 
15 2Se6 266 3206 B4e 59624e 
16 2Se 256 3056 7T5e 549726 
17 2 36 226 <666 67.e 483940 
is 18. 226 267 «6 S2e 45687. 
19 166 166 lsBe 466 340396 
SERSKSKEKESEKSESLESSE RE GION 3 TO T AG SBE EKEKKKKKEKK 
UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 

YEAR INFeHERDS HEROS (NF eCCWS cows POUNDS 
oO 5092 34626 TI9B7Be 203166 143312176. 
1 42956 47306 7TO59036 1S294.6 1305033 06 
2 37156 45246 643824%e0 12828. 110755126 
3 33696 39906 S727 de 11674. 98636106 
4 34646 32726 48134. 12554. 88486336 
5 35036 30006 47114. (13177. 88152186 
6 36006 279596 451006 13764. B63727T1Le 
7 36216 27426 4577T2e 1391 1e 8731364. 
8 31056 323le 52539 e 115236 91680156 
9g 2634.6 30926 459456 94636 79063946 
10 24446 24356 3O1lS4e 8639 6 6436621. 
11 2295e6e 21376 31O03be 8124. 57249326 
lea 2084 e 20026 29955e T3AL3e 53417456 
13 1803.6 1917. 273286 6284. 457568464 
14 16586 15996 2299Ke 5764.6 41295656 
1s iSO7. 14356 20932e 5249-6 375729B~6 
16 13376 L13I2T7e IV2T72e 46526 34276766 
17 11986 L175. l6907e 4172. JO22910& 
18 9546 1L636 163066 33I0NBe 28026326 
19 eBSle 900 e« l25256 29266 22143776 
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TABLE 20-B-1 (continued) 
PSECHHEKESCERESEK NOTC SIMULATION MODEL 6 e8KERERERKKEERES 


ecceee BEEF MCDEL eee ACCELERATED PROGRAM #1 


*OOOKS44EESKEKKEE RE GI ON 4 TOT AL SHERKEKEEREKKEKS 


ee a I SD SF SS SE AS SAND SUNN IED GD AND SR SU see as ED cee (aD Sea Gane SOD SEED SEEDED GD <ED =U amp <anp ap mab eu amD ans aus Gum enh ae anpeen um es ees 
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UNDETECTED QUARNTDe QUARNT De {INFECTED CALF LO 
YEAR INF eHERDOS HERDS INF eCGws Cows Sree 
(¢) 1149. S876 31204. B871B. 5658272. 
1 1133-6 6096 2486496 T7276 4649237. 
2 1124. 6026 246526 T7216 4675609. 
3 1128.6 S91le 260456 BO44. 4AQV1B331.6 
4 11756 59586 209946 85606. 507575 7e 
5 1198.6 S986 237026 B8B9I1. 5421304. 
6 1074.6 7676 360326 7139-6 6113075~- 
7 G56 6 7386 29370 e 5827. 4989446. 
e 780.6 T2776 2o3126 46056 4235029. 
9 614. 6356 209006 3O226 34699776 
10 56G 6 427.6 1560096 32556 2698257. 
11 5266 3626 L3I497.6 296l1le 23499586 
le 471. 340.6 l2269.6 2627.6 21219966 
13 404-6 32406 llil25e 2248-6 1900671. 
14 3666 2046 93596 2018. 1021667. 
15 32Ge6 2376 835606 18026 L1447774%e 
16 2886 218. T5534 © 1584. 1297891. 
17 257 e 90. oOOUGe 14066 L14178Se 
18 2066 1906 61426 11556 1035144. 
19 1836 144. 4978. 1018. 8537496 
SKESEKRKSEKESEKREREK R E GION Ss T OT A LL S¥¥EREKEKKKKEKK 
UNDETECTED QUARNTDe QUARNTDe (INFECTED CALF LOSS 
YEAR INFeHERDS HERDS INFeCOWS CCws POUNDS 
O 12872e 93966 2990156 T6189 6 533207686 
1 12460. 95390 2346870 673336 434305286 
2 125836 86756 2199576 683776 421399206 
ze | 12614. 8E69S5Se 2293856 T0476 437950086 
4 11150. 103506 277205e¢ 58470. 481807046 
5 GI24e6 103636 2400906 456806 41623456. 
6 8348-6 7974.0 1458526 405156 32604448. 
7 74416 TOLD. 160453806 358286 287243526 
8 6164. 6680e 1498646 299376 2566713664 
9 49656 S91Le 1296596 23921. 218793126 
10 454G9 6 43236 9765b6 217246 17188368. 
11 41286 37346 463626 199006 15319197. 
l2 3637.6 34036 T9ITET7 6 17599. 13998677. 
13 29126 33886 752056 14074. 127375246 
14 26636 2529 6 57037 e 127396 10042441. 
15s 2358. 22496 5140d6e 114186 90472596 
16 1960. 21296 478l2e 95706 82009886 
17 1666.6 18036 403516 80346 6905469. 
18 12746 1670.6 359476 61766 59953726 


TABLE 20-B-1 (continued) 


KHKEEEKEKEKEKEEES EE 


ecooee BEEF MODEL 


NBTC SIMULATION MODEL 


ACCELERATED PROGRAM #1 


INFECTED 


Cows 


40036 
36436 
3567 e 
34836 
3951 
3668-6 
36766 
36066 
27636 
2099e¢ 
LBB9~6 
1707~e 
15256 
ll9gO7e 
10886 
Q977Te 
794. 
6636 
4966 
424. 


INFECTED 


Cows 


1900e 
1510. 
14106 
1352e 
13706 
12856 
L215e 
L138. 
967. 
T7736 
6626 
5896 
5166 
4426 
3846 
SShS0 
2906 
251-6 
1936 


SEEKKEKECKKEKEEERE 


TOT AL SEeEEKEKEKKEKESD 


CALF LOSS 


POUNDS 


45278516 
34160406 
34547226 
34950356 
3379924. 
3657797. 
32007436 
31346586 
31529936 
24792686 
190034864 
16954066 
15236336 
13905646 
1088097. 
9BBS851le 
8971286 
TIB7T7 Le 
6391426 
481482. 


TOT AL S¥EeKERKKKKKES 


CALF LOSS 


POUNDS 


18230396 
12428846 
1172652 
11658596 
1134487. 
11502826 
1026915e 
9631626 
9130626 
7736826 
602908. 
S24074e 
4679336 
4131806 
3507736 
3049210 
2686606 
2323926 
2044656 


KEHEKEKSEKKKESKEHKEHK R E G [T ON 6 
UNDETECTED QUARNTDe QUARNTDe. 
YEAR INFeHERDS HERDS INF eCOwS 
0 T7356 10506 27961. 
1 T2le 1149.6 19842e 
2 676.6 11156 200946 
3 644.6 1099. 20S2ee 
a T7146 9956 1883864 
5S 654 6 10626 214506 
6 661. G34e 1403866 
7 647. B74 6 l77U4e 
8 494.6 969e 191 d66¢ 
9 3826 B496 151836 
10 3506 O27 6 112056 
ii 3It66< 5326 GV9OBe 
| 4 2826 Ble B9T71le 
L3 21Ge 461 B4796 
14 2026 359 ¢ 64066 
KS 180.¢ jl Je 58300 
16 1456 2956 54426 
17 L236 2506 44609 e 
1% Gle aval > 39726 
1S 7B. L706 LILGe 
KEREEKEKEKSEESEHRESCEK RE G I ON 7 
UNDETECTED QUARNTDe QUARNTDe 
YEAR INFeHERDS HERDS INFeCOWS 
O 407 3236 10910. 
1 358e 4006 71 O0~e 
2 3iGe 369 « 66766 
3 2906 344 66996 
4 2856 3Jl2e 64156 
5 258e 3076 66046 
6 24 36 2736 58626 
7 227e 24T 0 54986 
8 191e 2476 53826 
9 1546 231-6 46356 
10 1366 184. 35266 
11 l22e 1S1le 3044e 
l2 106.6 L134e 2731e 
13 906 l22e 24306 
14 7T8e 1036 20526 
15 6Ge 88e l17Sle 
16 5Ge T8e 1S 76e 
17 Sle 686 1364.6 
18 3G 646 L240. 
19 34 0 4906 VOLe 


16S 


1532996 


TABLE 20-B-1 (cont inued) 


HHREEHEEOAESEKAEH = NBTC SIMULATION MODEL €88¢ 8 OOH OEE KEEEE 


eceoee BEEF MCDEL eee ACCELERATED PROGRAM #1 eooeeeeee 
SeHESSEHKEKESEKEKEESE RE GI UN 3 T OC TFT A LC SRK EEKEKEKKRE 
UNDETECTED QUARNTO. QUARNTD. (INFECTED CALF LOSS 
YEAR INFeHEROS HEROS INF eCOWS cows POUNOS 
(0) 246 206 4466 696 738876 
l 2i3e 256 4096 T4e 70166 
2 226 2Te 4936 TBe 823006 
J 2le 27e Oe cle T9 6 88087. 
4 2ee 26e« 529e 8Be 89575e 
5 22e Cle STG .e Be 95773e 
€ 22e 2956 5S2De B7e 88677. 
Wa 22e 24% Si7e BSe 87127. 
e i8e 266 oe ol) O96 B66326 
9 15 24e 4476 546 T1204. 
10 14.6 196 334e 506 55088. 
11 14. 166 2°IUBe 486 499596 
l2 136 1S6 23Be 44e 476886 
13 Tle Se LOT. 3Te 43467. 
14 10. l2e 2166 356 360386 
15 10. lle 2O0Le 3de 336576 
16 Ge lle 13896 296 31371. 
17 Be lOe 1o7. 2Te 278926 
18 Te 106. l1O3e 2le 26228 6 
19 Te Be l2d3e 206 207106 


B-49 


TABLE 20-D-1 


\ 
eKEEEEKEEEKEREKE NBETC SIMULATION MODEL €# ER EKREKEKEEKKEKE 


eceeee DAIRY MCDEL ceo ACCELERATED PROGRAM #1 


eeeeonodd8@ 8 


KEREEREREEEEEEEE Ul So TOT A L S®eeeREKERERESEEREEKEES 


mee we ww wm we ee ww ew we ee we we we we we we ws a ee a a we ee ae ee 


UNDe QUARNTOs’ QUARNTDe INFECTEO CALF LOSS MILK COSS 
YR INFeHRDS HRCES INF eCOwS COws POUNDS POUNDS 
O 2096 8356 16800-. 14006 4035226 38057984. 
1 1656 BlLSe 154236 12856e 3636866 352781606 
2 1Sle T7656 12557e 104%6e 2980346 286212006. 
3 1426 T7106 11507. 9596 273561. 26346 8966 
4 137. 6O&le 109606 QGQi3de 260631. 252050406 
5 13le 651e 10527. B77e 2503806 242898566 
6 l236« 6106 10091. B4l1le 2399066 23397104. 
7 1156 S736 9631-6 BO3e 228887. 224455846 
8 L108e 5406 91556 71636 2175226 214389606 
S 9Be 494.6 85456 T1lde 2028696 201181126 
10 866 4356 77636 647.6 184101. 1840540864 
ll 766 3856 6989s S582 e 165679. 16703357. 
12 E96 3486 634le 52be 1503236 152745826 
13 636 3156 5797T.e 4336 137413. 140751976 
14 35 e 2806¢ 52726 4396 124900-¢ 129162826 
15 S06 Zo Ole 47936 399 e 1135066 11856790e 
16 456 2266 43796 3o5e 103674. 109383026 
17 &06« 202. 40066 3346 94821. 101121972 
18 366 181. 36666 3056 86716. 93560692 
19 3le 158e 33236 277. 7859436 85948096 
*HERKEEREEREEKES RE G I UN 1 TOT A L S¥eeeeeEEREEEE 


em wee ee em ew we we ee ee ee ee we a se ee we ees we a ewe ew i i i a se i ae ae ee 


UNDse QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 


YR INFeHROS' HROS INF eCOWS COWS POUNOS POUNDS 
0 266 1036 1605e 134.6 38659 6 4047638. 
i 18e 866 1288e LOZ. 306186 32469436 
2 15 726 1042e 37. 24874. 26272016 
3 i3e O36 9056 De 216266 22812566 
4 l2e S8e B14. 686 19464. 20513856 
5 l2e 566 T7636 o4%e 18271 1923304. 
6 Lee S4e 7346 6le 17595e 18508506 
7 l2e S4e 7230 606 17334. 18222966 
8 l2e S4e T7236 5Ve 17340. L822197.6 
9 lle S2e 7006 306 16783. 17651736 

10 106 406 6426 D4 15371. 16191306 

it De 41e S77le 4bBe 138056 14550096 

2 Be 38e S2le 436 124796 1314952 

13 Te 346 &7ee 39 112976 11903456 

14 Ge 306 419-6 356 L0025e 10569336 

| Ee) Ge 266 3706 3le 88596 D341296 

16 Se 236 3296 2Te 78626 828814. 

17 4e eke 2916 240 6953-6 7T33L14 2 

18 4e 1Be 2566 cle 6127. 646077. 

19 3e Se 2156 1&6 S2206 3509736 
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TABLE 20-D-1 (continued) 
KEHEEKKKEKRKEKEKKEKEK NBTC SIMULATION MODEL 


e@2eeee DAIRY MCOEL @e@ 


REKEKKEKEKEKKEKERE 


ACCELERATED PROGRAM #1 


SKESCEREKKCKECKEHKES RE GT ON 2 TO T A LL S¥KEEKEKEEEKEES 


ee ew we es ow we ww ee a ew we a wee we we we ws ew es @ we es ee ew ws a we a oe 


UNDe QUARNTDe. QUARNTDOe INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HRDS [INF.COWS Cows POUNDS POUNDS 
oO ee 10. Ole 5e 1474.6 14764le 
1 le Oe 58e Se 13936 141481. 
fe le Se S3e Ge 1269.6 129311. 
3 le Se 486 4e 1143.6 1164736 
4 le 4e 4G Ge 1Q044e 106251le 
5 le 4e 4le 3e 986. 100234. 
6 le Ye 406 Se 957.6 97166e 
Uf le 4e 406 3e 9566 970246 
8B le Se 4le se 976.6 989386 
g le Se 406 J3e 967.6 981036 
10 le 4e 386 3e 914. 928796 
11 le Ge 360 se B51 6 869518. 
12 le 4 e 336 36 7966 B0BB0. 
13 le J3e 3le Je T4306 75471 «@ 
14 le 3e 286 2e 6796 6905le 
15 le 3e 266 Ze 6196 629556 
16 le Se 240 Ze 564.6 573896 
17 Oe Ze 2le ce Slle 52001l. 
18 Oe 2e 196 Ze &61le 469336 
19 Oo ae 17e le 4026 409886 

KeOKEEEREEEEESEE RE GIT ON 3 T GOT AL S¥¥EEEEEEEES 

UNDe QUARNTDe QUARNT De INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HROS INF eCOwWwSs CUOwS POUNDS POUNDS 
314e 5207. 4346 1251736 10443 844%. 
. pi 2406 39576 3306 934066 79339416 
2 366 1856 29166 2436 691826 5845 860 
3 306 1536 259906 2006 570356 48090836 
4 260 1326 20536 i7le 488306 41152366 
5 246 L20e 18246 l52e 43446. 36566396 
6 236 114. 16906« l4le 40294. 3387256e 
7 2306 Lille 1616. 1356 3B8B58le seA0*% ls 
8 236 1106 15756 l3le 376066 31570286 
9 2le LO4Ge 1507.6 1266 35977. 30219830 
10 19. G4e A392e6 116.6 331896 27910286 
11 17. B85e 12636 105e 30101. 25324986 
l2 l16e T77Tle 11486 9Oe« 27349 6 23006206 
13 14e 706 1044. Ble 248856 20931926 
14 13e 636 94l1le TB8e 224lle 1885751le 
15 Lle 566 B44 706 201186 16929266 
16 106 5le T7606 636 180986 15228096 
17 Ge 4Ge 6826 57 e 162486 1367201. 
18 Be ale 6106 51le 145446 12239656 
19 Te 3560 5366 456 127526 10738346 
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TABLE 20-D-1 (continued) 


SCEEEEHEEEESEEEE NBTC SIMULATIGN MODEL €808¢¢8¢0466648¢6 


ecceeo DAIRY MODEL eee ACCELERATED PROGRAM #1 


@e@eeeoeeede? 


HEREKSEEEHEREEEEE RE GT UN 4 TOT AL SHEEREKEREKESE 


UNDe QUARNTO*’ QUARNTOe INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HROS I[NF.COWS COwS POUNDS POUNDS 
0 196 Tle S341. 4456 1279836 12591 584.6 
1 106 71e 49666 414.6 LLS681.6 L17O01L157.6 
2 Te Tle 32026 267.6 748064 75455626 
3 Ge Ste 237le 1G&Be 55758. $587912. 
& Ge 466 2042.6 1706 48135. 48119066 
S Ge 436 1884. 1S7e 44488. 44396506 
6 be 426 18166 15Sle 429356 42798546 
7 Se Gle L759 6 147.6 41565- 4144653-6 
8 Se 3Be 1667-6 1396 393496 39276206 
9 4e 356 15266 127e 359936 35962526 
10 Ge 306 1348-64 ll2e 31762. JSI773I97.¢ 
il Je 266 1172e 9Be 276106 27625736 
le Je 236 LO30~6 866 242796 24274036 
13 Je 2le Gale T77e 2172364 217096864 
14 2e Be 8256 O9e 19448. 1944016. 
1S ee 1Ge 7366 Ole 17341. 17336536 
16 2e lSe 6566 S5e 154666 1546031. 
17 2e L3e S866 496 13807. 13802106 
18 le 12. S226 446 12306. 12302366 
is le LO. 4606. 38e 10829. 10831526 


REKEEKKEKKRESBEKESE F E GT YUN 


ee wee we ee we wn a es we wwe ew ww ww we ww we ww we ww ee we sn ww ow 9 a a PS ww a oe oe 


INFECTED CALF LOSS 
POUNDS 


UNDe 
YR INFeHROS 


Sle 
64%e 
67e 
6 Be 
696 
66 e 
SQ9e 
S36 
47. 
426 
356 


OENONFUNKHOVANOU SURO 


o> > Pt b> PE P= PPE PE pO 


GUARNTOe 
HRDS 


2056¢ 
29e6 
317. 
32606 
3336 
322e< 
2936 
2626 
2366 
2086 
177. 
1536 
1356 
1206 
L046 

906. 

T9e 

6Ge 

5Ge 

49 


QUARNTDOe 
INF eCOWS 


2840-6 
3277.6 
36726 
40236 
4209-6 
42156 
40046 
36866 
3ISle 
30036 
2631.6 
22906 
2009-6 
17736 
15506 
13506 
1181-6 
LO31. 

894e 

TOle 


5 TOT AL S¥EREREEKEKEERE 


Cows 


237e 
2736 
3066 
3356 
39516 
351e 
33460 
307. 
2796 
2506 
2196 
19Dle 
LoO7e 
148.6 
1296 
lise 

9Be 

8606 

T5e 

O36 
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68287. 
T7T383226 
8806Ge 
961836 


1005506 
100558. 


953646 
B771S5e6 
T9T7O09~6 
714006 
625066 
S43 81. 
47721. 
42143. 
368240 
32066. 
280546 
244896 
212316 
8062. 


MILK LOSS 
POUNOS 


6042082. 
6968174. 
7809497. 
8555125e 
8951601. 
89635906. 
85154256 
7839981. 
71265586 
63868036 
55956696 
486960364 
42716606 
3771607. 
32969326 
2871371 
25116006 
21926486 
1901451. 
1618708.~ 


TABLE 20-D-1 (continued) 


COCCHEKE SEE SEREE | «ONBTC SIMULATION MODEL *eeeuseeexeeencen 
ecccee DAIRY MGDEL «ee ACCELERATED FROGRAM #1 


SHSHKEKKEREKEKER EG hk. ON 6 


—_ ee Oe ww we oe ee ee =e 
— — =< 
—_—— ee ee ee ee ee ee ee es —_—_—_—— PS a a ae ae ee eee ae oe ee 


UNDe QUARNTC. QUARNTD. INFECTED CALF Loss MILK LOSS 


VR INF .HR 
OS HROS- INF.eCOWS COws POUNDS POUNDS 
oO 14. 59 e 5 2 
1 isle 696 Boat the 12625. 1170281. 
2 1S 69-6 6096 ne 13766. 1278924, 
3 itn G7. 607. ze 14653. 1359841. 
4 Tiseg_ °64. SBs6 ree 14577. = 1356947. 
5 136 ce Ek Ye 13993. 1303267. 
S666 47. 13568 
6 le 60. S4le 45 ° 1263181. 
7 12. S7.e S17. 43. 12983. 1209033. 
8 126 So< 4966 ar 12410. 1155763. 
S 10. 30-6 4576 35: 11895. 1107664. 
10 Ge 42 402 ae? ey aoa 1021215. 
11 Be 37-6 350. ae Sere BOTT. 
xe Te 32. 307-6 266 7351. eae2a60 
6e 2Ge ® ° 
Gieoeeee..* “35% 238: £0! Sea?. $0978. 
apes *f4: 182. ies $960» 15463146. 
17 Segoe. 159. ae aepee Or OES s 
< e : 
gs Boe ifs 138. fie 3298. 308027, 
19 2e l2e 117 08027. 
10. 2787. 260491. 
SKEKSEKKSESHKKEEKSEH RE GION 7 TO T AL GSKEEKEKEKKKKKEKS 
UNDe GUARNTDe QUARNTO. INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HROS' INF eCOWS COws POUNDS POUNDS 
0) 14.6 54. 791-6 666 189776 21970876 
1 66 30-6 541. 456 127026 1504141. 
2 4 21. 3686 Bis 8697 -~ 1022447. 
3 36 16. 2586 256 20k poe 
4 Ze 146 2506 21. 5914. 693734. 
5 Ze 136 217. 1B6 5158-6 6041856 
6 26 126 194. 166 46136 5399236 
7 2 lle 1766 15e 41906 490246. 
8 2e 106 162 136 38476 4499276 
g 26 Qe 147.6 126 35016 4096166 
10 26 8. L3le ll. 3118. 3650846 
11 le 7e 1166 106 27516 3223026 
le le Ge 1036 Qe 24326 2848956 
13 le Se Die Be 2155-6 2523906 
14 le Se 806 7° 1899. 2225576 
Vie) le ae 7le be 1673.6 1960396 
16 Le 3e "626 Se 14766 172946. 
17 le Ze S56 Se 13026 1526166 
18 le 3e 48-6 ae 11496 1346256 
1S Oe le 426 4 6 99B8e 117040. 
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TABLE 20-D-1 (continued) 
EXEEKEREREEREKEE NBTC SIMULATION MODEL #8 #68 ERE EEEEKEERE 


ececeee DAIRY MODEL ee ACCEL ERATED PROGRAM #1 eoseccece 


SHORES ESEEEREKE RE GI ON 8B TOT A L S##RESKEKEREFEE 


UNDe QUARNTDe QUARNTDe INFECTEO CALF LOSS MILK LOSS 


YR INFeHRCS HRDOS INF.COWS COws POUNDS POUNDS 
O 4e lZ7e 4326 366 103436 14178626 
1 Se 2le T6636 64%e 177996 2503442. 
ie, 6e 266 6956 SGe 164856 2281511. 
3 6e ele 356. Tle 20184. 2811894. 
4 6be 2Ge 9666 Ble 22701le 3171681. 
5 6 e 306 LO1I7. B5e 239056 3339119. 
6 Te 3le LO71le BDe 251666 35176196 
7 Te 32e Lil3e Y3e 261366 36552326 
e Te 32e 1142e 956 26799. 3749047. 
9 Te 336 11636 G7Te 272926 38189736 

10 Te 336 1178.6 9Be 27624. 3866243. 

ii Ve 3se 1186.6 99e« 278176 38939106 

le Te 33 1190¢ DVe 279156 39079426 
13 Te 33-6 1192e WDe 279466 39125896 

14 Te 33-6 i19le BGe 279266 39100686 
15 Te 336 1189. WDe 278726 39025726 

16 Te 336 1185.6 WVe 277936 389162386 
17 Te 33 Lisle WBe 27701. 38787286 

18 Te jee Li77.e. G8e6« 27601. 38647556 

19 7 32e 11736 IBe 274936 3849624. 
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TABLE 20-3-2 
HESCKEEKERERESD ED 4 & 


@eeeoee BEEF MODEL 


NBTC SIMULATIUN MUDEL 


EEK EKEKRSHEEEEEED 


eee ACCELERATED PROGRAM #2 


@eeeee0 08 


ee ee a ee ce ee ae ee ce wee ae ee ae ee a ee ee ee ee ee 


INFECTED 


Cows 


111862. 
962706 
94667- 
9S797.6 
85747. 
73554. 
672138. 
61257. 
SO0601-. 
40517. 
3848460 
41182. 
42627. 
40501. 
41542, 
42084. 
40992. 
40217. 
362926 
35736. 


INFECTED 


cows 


5706 
5656 
5566 
5556 
6026 
6096 
647 e 
6726 
Siwicie 
45 1e 
41l2e 
3896 
3526 
2966 
2796 
264%e 
24le 
2276 
1696 
1646 


CALF LOSS 
POUNDS 


80253744, 
66324384. 
63076448. 
638047366 
67170224. 
61267120. 
52164144, 
47148576. 
43811056. 
37074048. 
28884960~- 
25538352. 
26906816. 
28528016. 
266618086. 
27465008- 
28137056. 
273725126 
2775796 8e 
24827392. 


TO TFT AL S¥EKEKEEKEEEEKES 


CALF LOSS 
POUNDS 


4571796 
3835S 366 
3810586 
381224. 
365557. 
3955566 
3844626 
4005326 
4358836 
379654. 
2892636 
2603916 
250582e 
2362036 
1978736 
188394. 
1827630 
168607. 
169 345e 
124794. 


SEEK EKEEESREKEEE UY Se 
UNDETECTED QUARNTDe. QUARNTDe 
YEAR INFeHEROS HERDS INF eCOwS 
ie) 20465. 15014. 452329. 
l 19183- 16637. 365844. 
a 18627. 15494, 339200. 
3 18251. 14923. 343004. 
4 17010. 15671. 34HO0111. 
ts 14959. 15528. 353226. 
6 14163. 12893. 2939906 
7 13137. 11803. 2650526 
8 10948. 120876 2559766 
9 38924. 10940. 2195856 - 
10 8537. 7886. 161598. 
11 8711. 6247.6 1333136 
a2 8655. 63206 141855. 
13 8060. 6938le 156907. 
14 8197. 61656 141480. 
1s 81756 6214. 146448. 
16 7861. 65606 153285. 
17 7700.2 653626 148724. 
18 69196 6844. 1564506 
19 6802. 5878. 1355586 
COSHHEKERECEEEESE RE GI ON 1 Sipe sii, el ate ERE EOE oh! 
"UNDETECTED QUARNTD.~ QUARNTDe 
YEAR INF eHERDOS HERDS INF .»COWS 
re) 148 1506 25956 
A 1s02 150.6 20226 
2 144. 1446 20076 
3 14le 137. 2016.6 
4 Sle l2le 1434.6 
S 15le 131. 20456 
6 160. I]Dle 191Ge 
8B 143.6 1536 24056 
9 114.6 147. 21586 
10 1056 108. eae” 
13726 
Li 9S96 G2e 
9le L3526 
la 906 2 
91 13200 
hal 766 C 
T4e 10626 
14 Tle 
696 10i2e 
15 676 z 
686 1001. 
16 6le : 
636 9166 
LUU7Ze 
18 446 7006 1 
19 4&36< SO« oa 
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TABLE 20-B-2 (continued) 
KOREERERERESRESESESK NBTC SIMULATIUN MOOEL SEEKKKEKEEER EKER E 


@2e@eeoeee BEEF MODEL eee ACCELERATED PROGRAM #2 eee e eee @ 


eeEREKEREEKEEESEE RE GT ON 2 TOT AL S¥eKEEKEEEEEE & 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INF eHEROS HERDS INF eCOWS cows POUNDS 
0 38-6 27. 3246 976 615756 
1 436 37 4306 1226 817326 
2 436 4le 314. i3le $4714. 
3 44e 406 9306 1356 976156 
4 4B8e 366 4926 1S52e 956086 
5 S06 41le 374.6 1586 1077656 
6 SSe 406 5546 1766 10857Se 
? SGe 4ee 0056 190-6. 1179596 
8 Sie 5S4e 7506 1646 1323256 
9 4Se S2e 65G9e 1356 1145806 
10 43-6 406 4986 127.6 91077. 
11 42-6 356 4546 127-6 85087. 
12 40-6. 37. 4756 1206 866726 
13 366 38e 4736 107. 847836 
14 356 336 41lle 104. 751556 
15 336 32e 4096 101. 742816 
16 3le 32e 406 946 729996 
17 306 300 38360 90-« 689176 
18 256 336 4ile T4e 698196 
19 246 266 3136 726 S695 1e 
eeKKKKKKEKEEKKKEK RF E GI ON 3 TG T AL S#EKKEKKEKEEEKSH 
UNDETECTEC GUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INF ehERDS HERDS INFeCOws cows POUNDS 
O 90926 34626 798786 203166 143312176 
1 42956 47306 TOS 056 15294. 130503306 
2 371Se 45246 648246 12828-6 110755126 
3 33696 39906 S7275e L1674%.e 98636106. 
4 34646 32726 431346 125546 88486336 
S 3SO36 30006 47114. 13177. 88152186 
6 36006 27596 451606 13764. 86372716 
7 3621.6 2742.6 457726 13911. 8731364. 
8 31056 3231le 9253596 115236 91680156 
9 26346 30926 499456 94636 79063946 
10 2771. 21586 3IGB36 103706 60596896 
11 28026 1979-6 321406 10804. 6265815e 
l2 277 le 20436 342056 10716. 65206106 
13 2646-6 2166-6 355236 101886 66128736 
14 26566 20086 325106 10264. 622550064 
1S 26376 19996 331336 102286 63031546 
16 25786 20366 356396 100036 63339756 
17 25456 1994.6 9260446 99046 61845856 
18 23026 ' 21726 350936 89036 63444356 
1S <26le. 19016. 30211. 87066 56494526 
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TABLE 20-B-2 (continued) 
REREREEEREEEEREK = NBTC SIMULATION MODEL *# KE EKKEEREKEKEKED 


eceeee BEEF MCDEL eee ACCELERATED PROGRAM #2 


HEREEHEEKEREEEEE RE G I UN 4 TOTAL S¥eeeeeeeeeces 


aS A SA ae A 1S SD De CS aS caS Oeh Spee eee eed anew: ey mS “ONE SURED “epee EES Sb eRe GinSS ISD ES-ES SENSED AED ENDS mE “OND GARD SUES “SENSOR ln cm 
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UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INF eHERDS HEROS INF eCOWS cows POUNDS 
f°) 1149.6 S87. 312046 87186 56582726 
l 11336 609. 248496 77276 46492376 
2 1124.6 602-6 246326 7721. 46756096 
3 1128-6 591. 26045. 8044. 4918331. 
4 11756 558. 26554. 85606 50757576 
5 11986 598-6 287026 889 le 5421304. 
é 1074. 767.6 3600326 71396 61130756 
7 9566 7386 293706 5827.6 498944 Be 
8 780.6 7276 255126 4605-6 42350296 
9 614. 635-6 209006 36226 34699776 
10 569.6 427. 15669. 32556 26982576 
11 526-6 363-6 13510. 2963-6 23521166 
12 5406 273% 101506 33536 1965131. 
13 525-6 2926 Liga. 3544. 2232888. 
14 530.6 277. 12361. 37356 23217436 
15 533-6 2856 13061. 38706 24423576 
16 528-6 2996 13760. 3932. 254472 8-6 
17 5276 299-6 14001. 3997. 2588904. 
18 4926 3366 148546 38506 26793866 
1S 491 2986 14046.6 3857.6 2571604. 
CORE EEEKEEEERE RE GI ON 5 TO TA L S#&eee eee ceteat 
UNDETECTED QUARNTDe QUARNTDe. INFECTED CALF LOSS 
YEAR INFeHEROS HERDS INFeCGWS cows POUNOS 
0 12872. 93966 2990156 761896 533207686 
1 12460. 9539-6 23460876 673336 43430528~6 
2 125636 86756 2199576 683776 421399206 
3 12614. 86956 229385. 704766 43795008. 
4 111506 103506 2772656 58470. 48180704. 
5 91246 103636 2460966 456806 416234566 
6 83486 7974.6 1858526 405156 326044486 
7 7441.6 70136 1635806 358286 287243526 
8 €164.6 66806 149864. 299376 256871366 
S 49656 SY1le 12965496 23921. 218793126 
10 454Ge 4323. 9705. 217246 17188368.6 
ll 47876 30756 724426 245416 142903856 
12 4794.6 32176 830356 258936 15932321. 
13 4422.6 37196 9489 36 244876 17250336.6 
14 45566 31906 642076 253006 15981866. 
15 45666 3266.6 47882 © 257896 165950286 
16 43586 35386 93160. 250506 171277126 
17 42546 34206 90208. 244276 16607251. 
18 3815-6 36720 944356 219626 167769786 
19 3750. 31156 613956 216436 14950114. 


TABLE 20-B-2 (continued) 
kOeeeeEEESEHEEEE NBTC SIMULATIGN MODEL &eeekOR KEEKEEEES 


eceoecee BEEF MODEL eee ACCELERATLtD PROGRAM €2 


ea@eon2neeose 
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CERKEEEKEKESEEEHEE RE GI UN 6 TO TFT AL S¥EKEKKEEKEKKEKEKS 
UNDETECTED QUARNTOe QUARNTDe INFECTED CALF LOSS 

YEAR INFeHEROS HERDS IN& COWS cows POUNDS 
O T3506 1050-6 2TIb1Le 40036 452785 1e 
A Tele 114Ge 19842. 36436 34160406 
2: 6766 1115.6 2O009GDGe 3567.6 34547226 
3 644.6 10996 20522 34836 34950356 
4 714. 9956 18888. 3951. 3379924. 
S 65946 10626 L14506 36686 3657797. 
6 661. 9346 130466 36766 3200743 
7 647.6 874.6 l7704%.6 36066 31346586 
8 494. 9696« 191666 27636 31529936 
9 3826 BaGe 15183e 20996 24792686 
10 3506 G27. 1120be 18BGe L900348e 
1) 3196 5366 1004. 172le 1710512. 
12 2986 507. YS5e2 se 1617.6 16019848.e 
13 2486 S20 97966 1367. 1607969 e¢ 
14 2506 4506 3L2VU9 6 I371le 1I9G5S7O7e 
1s 2466 437-6 33506 13656 141512 36 
16 218.6 4626 B7306 L227. 14370236 
17 2056 4376 BOTS. 1148. 1332304. 
18 A173e 4386 80986 GT74e 13018314. 
19 168. 3826 OB2U.e 948e6 11229286 
SRKECEKEKKAKKEKEEK RE GION 7 TOT AL SHR EEKKEKKK 
UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 

{NF ehHERDS HERDS INFeCOUWS cows POUNDS 
O 407 e 3236 LOQO1LO.e 1900-6 18230396 
i 358.6 4006 T1L0VOe 15106. 1242884. 
2 31S. 36G 6 66766 14106 11726526 
3 2906 3440 66996 L352~6 11695859. 
4 2856 j3l2e 64156 1370. 1134487. 
5) 25 &e 307. 60646 12856 1150282. 
6 2436 2736 S58O26 2S. 102691 5e 
7 227. 2476 5498 e 1138. 9621626 
8 1Gle 2476 53826 967. 9130626 
9 154e 23le 46356 7736 7736826 
10 13E€. 184. 35266 6626 6029086 
11 122.6 151le 3044.6 589e S24074&e 
wr 10Ge 138. 2813. 5326 482770e 
ta! G66 133.6 2OT be 4836 456119 e 
14 BBe l2le 24736 451.6 422664. 
LS B36 All3e 23736 4306 4054676 
16 770 Alle 23350 40Ge 396771le 
17 T2e 106.6 229096 389e0« 3829126 
18 5Ge 1106 232020 3326 377095e 
19 S7e 95 e l1BshBe 317e 3187506 


TABLE 20-B-2 (continued) 


HKSSHKEKEEKEKEREKE 


@ee2eoese BEEF MCOEL 


HOREKSEHEKEREKEHKES RE GI GN 


ee wee ew wee we we wm we ee we ww we ee = we ee ee ee ee Se ee ee 


UNDETECTED 
YEAR INFeHERDS 


240 
236 
226 


= pes OO — pw PO 


LOWNOKYFWNMRKOVANCUESWHPHO 
-_ 

CHCOR KK we & 

eoeeoveee e 


ope Pt pe SE Pe Pp 


GUARNTDe 
HEROS 


206 
256 
27. 
276 
266 
27. 
256 
246 
266 
240 
1Ge 
16.6 
Se 
1Ee 
L4e 
lje 
13e 
lje 
146 
l2e 


QUARNTOe 
INF .eCOWS 
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NBTC SIMULATION MODEL 


ACCEL ERATtD PROGRAM #2 


KRKEKKEKEKEKKEKEKEKES 


3 TO TFT AL G¥EKEKEEKEREKKS 


4466 
4096 
4936 
5326 
5296 
57G9e 
S2De6e 
517e 
DIjBe 
447e 
3346 
29Ge 
LIO6@ 
2BG e 
2486 
248 
251e 
2i7e 
2466 
2006 


INFECTEO 
cows 


696 
74.6 
786 
T9e 
BBe 
B56 
B87. 
856 
696 
S4e 
SO. 
486 
456 
39e 
3Be 
386 
366 
346 
296 
286 


CALF LOSS 
POUNDS 


73887 
701166 
823006 
BBO0BT7e 
895756 
957736 
88677. 
B87127T.e 
866326 
T1I204e6 
55088. 
499896 
4890Ge 
46867 
41334%e 
412456 
41107. 
390566 
39114. 
328316 


20-D-2 


KEKE EREEEE KES 


TABLE 


NBTC SIMULATION MODEL ¥€¥EKHEKEREEKEEEES 


eccsee DAIRY MODEL eece ACCELERATED PROGRAM #2 evecoeceoone 


KERR EEKEKEKE Us Seo TO T A LCL S¥eKEREREKEEEKEEREXEERE 


mee we we ee ee ee es ee wee es ee ee we we we we we we a ws we es we we ws we =e we es we we i es a ae we oe we ee ee = 


UNDe QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 
VR INFeHROS HROS INF eCOWS Cows POUNDS POUNDS 
0 2096 835-6 168006. 14006 4035226 38057984. 
1 165e B15. 154236 1285-6 3636866 352781606 
2 151. 7656 12557e 1046.6 298034. 286212006 
3 142.6 7106 11507. 9596 273561 26346 8966 
4 137e 681. 10960. Gl3e 2606316 252050406 
5 L3le O651le 10527e UTTe 2503806 242898566 
6 l236 6106 10091. B41. 2399066 23397104. 
7 115- S736 9631. BO036 228887-6 224455846 
8 108.6 540.6 91556 T6360 217522. 214389606. 
9 G8Be 4G4. 85456 Tleée 2028696 201181126 
10 B60 4356 7763-6 6476 184101. 184054086 
1. TT 388 6 TU1IS6 5856 166320. 167559806 
12 T36 3636 6471. 5396 153515e 155451326 
13 706 3486 01256 5106 145403. 147681106 
14 67ieee GSS. S861. 4886 139139. 141716276 
is 65 6 3236 56726 4736 134672. 13744271. 
16 64. 317-6 55496 4626 131795. 134638176 
17 636 3106 54496 454.6 1294026. 132334966 
18 Ole JO3~6 53526 4466 127101. 130145196 
19 56e 2886 51956 4336 1232906 126615156 

KECHKEKREKEEKEREE KE GI ON lL TO TA L S#eeeeekeeeeuns 

UNDe QUARNTOe QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HRDS IN& e-COWwS COwS POUNOS POUNDS 
O 266 103. 1605e 134.6 386596 40476386 
1 18e B66 1288.6 LOZ. 30613. 32469436 
2 1Se Tee 1042.6 B7e 24874. 2627201le 
3 Le O36 9056 756 21626. 22812566 
&, l2e 58e B14. 68e6 19464. 20513856 
5 l2e S66 16360 O4%e 18271. 1923304. 
6 l2e S4e 734.6 Ole 175956 1850850e 
7 l2e S46 7236 606 17334. 18222966 
8 lee 54. 72306 606 17340. 1822197. 
9 lle 52e TO00~6 586 16783. 176951736 
10 106 466 642-6 S54. 15371. 1619130. 
1a Ge 41. 578.6 4bBe 138176 1456248. 
12 Be 386 5246 446 12551le 13223506 
i3 Te. 356 4Ble 406 115086 212104. 
14 Te 3le 4366 366 104436 L100312e 
15 Ge 296 3996 336 9551 -e 100616Se 
16 60 27e 3706 Sle 88656 9334606 
17 Se 2de 346 6 296 B287. 8724936 
18 Se Z24e 3256 2le 7794.6 8204552 
19 5e 2le 2986 256 71306 7511206 
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TABLE 20-D-2 (continued) 


SEKEKEKKKEKKKEKEKE 


DAIRY MODEL 


SREEKEKEKEEKESEEKE RE G I ON 


UNDe 


YR INF eHROS 


CANON EUNKOUDNOYUFESUNKO 


pt pee ge Oe PO pe PO ee 


aS pe pm et pee ee ee ee ee et ee pe pe Be ee om f\) 


ee@eeoeevkerereeet @e@#ete 66 @6 & @ 


QU ARNTO. 


HRUS 


106 


QUARNTDe. 


INF eCOWS 


61. 
586 
5i3e 
4Be 
446 
Qle 
406. 
406 
4le 
406 
386 
366 
34e 
32e 
306 
286 
27e 
206 
246 
236 


SEREKEKEKERERKEEKESE R E GI UN 


YR 


OBNAWAPUNKOOMNAWN eLNDRKO 


se eo fe pt OP PS pe — BP pw 


UNO. 
INFeHRCES 


V9 
466 
366 
306 
266 


QUARNTD. 
HRDS 


QUARNT De 
INF eCOwS 


5207. 
3957.6 
29166 
23996 
205 36 
1B824e 
16906 
160166 
15756 
1507e 
13926 
1288-6 
l222ec 
1181. 
1143.6 
L113. 
1093-6 
1074. 
1057. 
LO236 


NBTC SIMULATION MODEL 


3 TO TFT A LCL G¥¥EKKEKKKSEKESS 


ee me er rm er we ew a ww we ee we a ew ce ee eae se a ee = 


INFECTED CALF LOSS 


COWS 


4340 
3306 
2436 
2006 
l71le 
IS2e 
A41le 
1356 
ljle 
l2vue 
llbe 
107e 
1026 
9Be 
9Se 
QG3e« 
Yle 
GOe« 
B&e 
85 


EKEKEKKKEKEKKKEKE SK 


ACCEL ERATED PROGRAM #2 


POUNDS 


1474. 
1393.6 
1269-6 
1143.6 
1044. 
986. 
957 
956 6 
9766 
967. 
914. 
B55 6 
8036 
T61le 
7126 
6726 
6396 
609-6 
SSbJ3e6e 
S426 


POUNOS 


1251736 
934066 
691 B82e 
570356 
488306 
434466 
402946 
3858le 
376066 
359776 
33189. 
3O07&4Ge 
291666 
282026 
273036 
265926 
261046 
256706 
25261 
24434. 


TO TFT AL SRKEEREKESEKEES 
INFECTED CALF LOSS 
Cuws 


MILK LOSS 
POUNDS 


147641. 
14148l. 
L29311 6 
1164736 
106251. 
LO0234.6 
971666 
97024. 
989386 
981036 
928796 
866826 
815956 
alse (eae 
723986 
682646 
649456 
619006. 
59164e 
550446 


MILK LOSS 


POUNDS 


10443844. 
79339416 
58456606. 
48090836 
411523664 
36566396 
33872566 
32404136 
315702864 
30219836 
27910286 
2582461 
24500356 
236778864 
22922806 
22321556 
21905956 
2154086. 
21197826 
20514336 


TABLE 20-D-2 (continued) 
KeSeKEKEEEREERER NBIC SIMULATION MODEL ¥€€€#*OESEOEEEEEES 


ececeee DAIRY MODEL ecw ACCELERATED PROGRAM #2 eoeececece 


€*4#EKESSESEKEHHEREH RE GI ON 4 TO TFT A LL S¥#EREKEEKEREE 


UNDe GUARNTOe QUARNTDe INFECTED CALF LOSS MILK LOSS 


YR INFeHROS HROS INFeCOWS COWS POUNDS POUNOS 
O 1G. (7. 534l1le 4456 1279836 12591584. 
1 10. 71. 49666 414.6 LiS6sle 1iIi7O11S7e 
Cz Te Tle 32026 2607. 748066 75455626 
3 Ge S53 2371le 198 557586 5S879126 
4 Ge 4b0e 20426 1706« &BlLI3dSe 48119066 
5 6e 436 L884. L157T7e 44488. 44396506 
ro] 6e 426 18166 lole 429356 4279854. 
7 Se 41le 17596 l47Te 415656 41446536 
8 Se 3Ge 1667. LlIjVe 393490 39276206 
9 oe 356 S266 1Z27e 359936 35962526 

10 4e 306 1348.6 Allee 31762. 31l77397~6 

il Je 2Oc«c 1172. W8e 276l1lle 2762699 6 

l2 3e ete 1032.6 BOe6 243196 24312706 
13 3e 2le 944e 7G e 222786 2224317. 
14 3e 206 8956 795 e 211456 21089926 

15 3e 206 870.6 lee 205586 20494456 

16 Je 20e 8566 V1le 202546 20183336 
17 Se 206. B49 6 Tle 200836 20010566 
18 Je 19.6 8446 7TU6 199536 1988121. 
19 3e 196 B3le O96 19646. 1958211. 


HERERO KEERKEKEE RE G I ON 5S TOTAL S¥eeekkeeakexe 


== = LLP LL LS LS ES SS SS ES ES ED ee ee ee ee we re ee ee ee ee oe ee ee ee ws ee ee oe ce 


UNDe QUARNTOs* QUARNTD.e INFECTED CALF LOSS MILK LOSS 


VR INF eHROS HROS INF eCOWS CUuws POUNOS POUNDS 
O Sle 2056 2840. LIT 6 68287. 60420826 
1 64e 2926 3277-6 2736 783226 6968174. 
2 O76 Ji7e 36726 3066 88069. 7809497. 
3 68e 3266 40236 3350 96183. 85551256 
4 69e 3336 42096 sole 100550. 8951601. 
Ss 666 3226 42156 sole 100558. 89635906 
6 S9e 2936 4004.6 3346 95364. 85154256 
7 SJje 2626 36866 SUT 877156 78399816 
8 47 2366 33Sle 2796 797096 71265586 
9 426 2086 30036 2506 71400. 6386803. 

10 356 177. 26316 219-6 625066 53595 869. 

ill 306 L536 22906 LYle 54381. 48696196 
le 296 1426 20556 171le 48870. 4370952e 

13 286 1376 19206 1006 45706. 40824126 

14 27. lize 1821. 152e 43386. 38737196 

15 266 1296 17536 1466 41772. 37281336 

16 266 1266 17136 143.6 40849. 36437566 

17 266 1256 1681. 1406 40077. 35746086 

1é 2S 1236 16456 137e 39224. 3498949. 

19 24e 116.6 15846 L32e60 377436 33685396 
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TABLE 20-D-2 (continued) 
REKEEEEKREREEEKEER NGTC SIMULATION MODEL 88k SEREEKKEEOED 


eceeee DAIRY MODEL ceo ACCELERATED PROGRAM #2 eceecovece 


SHERKEEEEREKEKEEK RE GT ON 6 TO TF AL GS¥EKKKEEKKEKEERE 


ce a ee em ee we we ew es es we es a ee se es we a ee ee es ee es es es os ee es a eee oe 
> ee ee oe = 


UNDe QUARNTDe QUARNTUe INFCCTED CALF LOSS MILK LOSS 


YR [NFeHRCOS HROS {NF COWS CCws POUNOS POUNDS 
O 1%. 5956 S246 44 126 
ipAEAIS. O98 S73. a6: «L3766. ~=—«1278924: 
2 15e O9e 609-6 Sle 1460536 1359841. 
3 14.6 O7e 607. Sle 149577. 1356947. 
4 l13e 646 S836 4906 139936 1303267. 
5 i She 6364 5666 476 13568. 126318le 
6 LJ O06. S416 456 12983. 12090336 
2 lee S57. 517. 43e i2410-. 1155763. 
8 l2e 5S6 4966 G4le 118956 1107664. 
9 10e 506 457 386 10956. lO212156 
10 Ge 426 4026 336 9618. 897795e 
11 Se 37le 3506 29e 83756 782061 6 
l2 Te 336 3Jile 2be 74916 695332 
13 6e 306 2856 246 6818.6 635700e 
14 6e 2Be 26le 2ce 6248. SB82561e 
is Se 2Oe« 244%e 2Oe 584l1le 544 3856 
16 Se 256 2336 19.6 55906 520617. 
17 Se 246 2236 196 53546 4986066 
18 Se 236 2136 18.6 5117. 476644. 
19 4e 2le 2006 17e 47966 4409346 
SESEECEKEKSEBEEKEKESE RE GI ON 7 TO tear SEERCEEEKKEKEKE 
UNDe QUARNTDe QUARNTDe INFECTED CALF Loss MILK LOSS 
YR INFeHROS HROS INF eCOWS COwS POUNDS POUNDS 
O 14.6 546 791. 666 18977. 2197087e 
1 Ge 306 541. 456 4I27026 1504141. 
2 4e 2le 3686 3le 8697. 1022447. 
3 Je lOe 2986 256 70546 B282I326 
& Je 14e 2506 2le 5914e 6937346 
5 je lie 2lZle lde 5158.6 604185e 
6 2e l2e 194. lobe 46136 5399236 
7 2e lle 1766 1Se 4190.2 4902466 
8 Ze 10. 1626 lie 3847. 4499276 
9 2e Ge 147.6 l2e 3501. 4096166 
10 Ze Be [3le Lle 31166 3650846 
11 le Te 1166 106 2751 e 3223026 
t2 le Oe 1036 Ge 24386 285557. 
i3 Ve Se 926 ae 21796 2552086 
14 le Se B36 Te 1958-6 Bog o3 lis 
15 le 4e T5e Oe 1777. 207971.e 
16 le 4e 69 Oe 16336 1910786 
17 le Ge 646 Se 1515e 177259. 
18 le ae 606 Se 1417. 1657296 
19 le 3e 556 Se 13096 IS32206. 
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TABLE 
SEK SEKKESESEHSEEKE NBTC SIMULATION MODEL €eEKEKKEREKKEKERE 


eccees DAIRY MCDEL eee ACCELERATED PROGRAM #2 eeccecee 


SSECKESKESEKEBCERXE RE GIT ON 8 TO TF A LC S¥RKKEREREEKEKS 


eas ee ee ee ew ee ew oe ew ww es oe we ws we we ee ws we ae ow se ea ee 


UNDe GUARNTO.e QUARNTOe INFECTED CALF LOSS MILK LOSS 


‘VR INFeHRCS HEROS INF eCOWS COws POUNDS POUNDS 
0 4e 17 4326 366 103436 14178626 
1 Se 2ie 7636 646 17799. 25034426 
2 6e 266 6956 S8e 164856 2281511. 
3 Ge 27.6 85H 6 Tle 20184. 2811894. 
4 6 296 96664 Sle 22701. 3171681. 
5 be 306 1017. BSe 239056 33391196 
6 Ve 31. LO71le BVe 25166- 35176196 
7 Te 32-0 1113-6 G3e 261366 36552326 
8 Te jee 1142. G5e 267996 37490476 
9 Te 336 11636 IT 272926 38189736 
10 Te 336 1178. IBe 27624. 38662436 
11 Ve 336 1186-6 WVe 27817. 38939106 
le Te 336 11906 WVe 279166 39080436 
13 Te IZe 1192.6 IVe 2795 1e 39133096 
14 Te 336 11926 WGe 279436 39123356 
ts Te 3je 1190. We 279106 39077556 
16 Te 336 1188.6 We 278626 39010336 
17 Te 336 1186.6 99e 278086 38934906 
18 To 336 1183-6 G9e 277526 3885677. 
19 Ve 33e L1L8Ble. 98e 276902 3877015e 


Corresponding projections for dairy herds are itemized in Table 
20-D-1. Reductions in all relevant variables were consistently and 
strongly downward. However, because the initial level of infection 
for dairy herds was lower than for beef, and because surveillance under 
the base program was much better for dairy than for beef, the reductions 
were predictably less spectacular for dairy than for beef. The total 
number of infected dairy cows (Column 4 plus Column 5) declined from 
18,200 to 3,600, while milk losses declined from 38.1 million pounds to 
8.6 million pounds. 


Examination of regional data shows that infection was reduced in 
all regions for both beef and dairy herds, not just in those regions 
where the accelerated program was placed in effect. This occurs because 
the total interregional infection spread was reduced in all regions 
when infection levels were reduced in high prevalence regions. Heavy 
reductions were generally experienced for both beef and dairy herds in 
the high prevalence regions, although in Region 5 the relative infection 
reduction in dairy herds was somewhat less than for beef herds. 


It might be instructive to project what would happen if, after area 
testing was completed in each region, all parties (producers, market 
operators, veterinarians, operating staff in the state and federal bru- 
cellosis programs, etc.) relaxed in their vigilance and cooperation so 
that the level of quality control dropped back to its pre-area testing 
level. The results of modeling this option are shown in Tables 20-B-2 
and 20-D-2. Note that for both beef and dairy, the level of losses 
remain the same as shown above in Tables 20-B-1 and 20-D-1 through year 
9. For subsequent years, however, losses continue to decline at the 
more rapid rate only if the level of program performance is maintained 
ave as thiphe level® = siimfact’,. fory beef, the annual losses decline very lit- 
tle in Table 20-B-2 after area testing was completed, due solely to the 
assumption that the quality control factor was dropped back to the level 
prevailing before area testing was initiated. The difference in the 
accumulated losses between these two options was over 79 million pounds 
of beef. 


3. Calfhood Vaccination Program 


Under program alternative 3, emphasizing calfhood vaccination, a 
calfhood vaccination program was imposed on top of the base program in 
Regions 3, 4, 5, 6, and 7. The detailed infection losses associated 
with this program option are itemized in the Table 21 series below. 
Three levels of herd vaccination were modeled: low level (20-59 per- 
cent), medium level (60-89 percent) and high level (90 percent and 
over). In each model calfhood vaccination began in year 1, with 60 
percent of the heifer calf crop being vaccinated in each model. This 
level of vaccination continued each year until the above specified lev- 
el of vaccination was attained for each model.2 Eight years' continuous 
vaccinating of herd replacements were required, for example, to bring 
the herd vaccination level to 90 percent. 


The percentages of herd vaccination representing the low, medium 
and high levels in the model were: 39.5 percent, 74.5 percent and 
90 percent, respectively. 
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TABLE 21-B-1 
ekKEKKEEEREEREREKE | NBTC SIMULATION MODEL €&e&K KER KEKEKEEEES 
ecceee BEEF MODEL eee CALFHOUD VACCINATION 39eSX%ecccccce 


KERKEKESEHEREREEK Us So TOT A LC SHHREKEKE EERE EEKEEESRES 


ce ew me ee we ew ew ee ne we we we ae es eae a eae ee eS 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INF eHERDS HERDS INF eCOWS cows POUNDS 
(0) 204656 15014. 4523296 L118626 B0253744e 
A 19997. 15824. 3531196 l1O0051lie 653575046 
2 20106. 14909. 3377256 101898. 641843366 
3 225906 10707. 192075.- 783496 376121606 
4 22894. G2Tle 183060. B84785~6 369448006 
S 223596 10420. 2127762 83209-6 4016028864 
6 231596 9095e 1873446 872606 376583686 
7 23IB43e 9G3IS1le 1975590 910066 394962406 
8 219876 122866 2469466 812856 442102726 
g 20057. 12001. 2253946 T23306 4006444864 
10 192836 98936 188561. 68092. 347290566 
11 18922. 87336 170170. 66902e 322050726 
l2 182037. 89736 172435¢ 631236 318522886 
13 1665S. 91256 1o90686 S7778.e 305622406 
14 160506 78636 1473936 551936 274200486 
15 152636 7572e 142991. 522096 26381168. 
16 14373-6 7361 6 13604006. 490066 2503060864 
17 136296 68595 e 127367.6 462966 234558566 
18 120756 73156 1284206 41042. 227132006 
19 11457. 59026 10602796 38510. 19519008. 
SERERKKEKEKEKESE RE GI ON 1 Ta.Ce Ane SRK EKKEKEKKKE 
UNDETECTED QUARNTDe QUARNTOe INFECTED CALF LOSS 
YEAR INFeHERDS HERDS INF eCOWS Cows POUNDS 
10) 148.6 150-6 2O93 6 5706 4571796 
1 1506 1506 20226 5656 3835366 
2 146. 146.6 2LOLT © 5626 385171. 
3 145.6 l41le 20726 5706 3922176 
4 1Sle l22e6e lBo03~6« 6056 369654. 
5 152. l3le 20636 6lie 3975506 
6 1626 1236 1945e 657e 3903956 
7 172e 129. 20966 T0006 4191396 
8 1536 1656 260156 61836 474291 e 
SG 127. 165 6 244506 506.6 4304406. 
10 1l122e L27e 13486 4836 34478l1le 
ll 119. lise L707. 4726 3230196 
le lille 114. 17356 4406 3204196 
13 95e 1166 1718. 377e 3064296 
14 Gle 966 13996 359 6 2596196 
is 866 G0e 13326 34le 2469742 
16 7T8e 8Be L3036 3096 2370666 
17 T7364 B806« 11766 2886 2158146 
18 55e B7e 12706 2l2e 2133096 
19 536 626 B47. 20364 154994. 
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TABLE 21-B-1 (continued) 
EERKEREEEKEERERE NBIC SIMULATION MODEL *&€¥OEKEEEEEREEREE 


eccoocee BEEF MODEL eee CALFHUOD VACCINATION 39eSX%eccccece 


EKKKEEKKKEKREKEKKEK RE G IT ON 2 TOT A LF S¥KKEKEEKKKEESE 
UNDETECTED QUARNTDe QUARNTDe NFECTED CALF LOS 
YEAR INFeHERDS HERDS INF eCOWS : tu ae TeadnGase 
O 3Be 27e 324%e6 97Te 615756 
1 436 37 4306 1226. 817326 
: eee 426 S406 136-6 994Bl1le 
4 e 456 594%e6 148. 1092266 
: oan 4le S536 167. 1077636 
a Pay 466 OI36 175e 121944. 
e 446 6326 1966 12307S-e 

7 666 4Be T0026 2166 130211le 
8 6le 636 B96e6 19le 157519. 
9 546 636 8196 1636 141 64Ge 
10 536 Sle O52 6 1606 118548. 
li 536 Oe 6126 164.6 113821e 
le S2e 496 O49De 157.6 1175006 
13 47Te Sle OS4e L41le 1153136 
14 466 44.6 DOV. 1386 101894. 
15 44. 42e6 S536 133.6 99957 .¢ 
16 41 G42e 5436 1236 96731 e 
17 3Ge 3Ge 4IDe 117. B89594e 
18 32e 426 5236 94e 8875864 
1S 3060 32e 39Oe G0e. T0840. 


REKEKEKE*EKEK RE GIT ON 3 TO T AL SHEE KEREEEEEK SE 
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UNDETECTED QUARNTDe QUARNT De INFECTED CALF LOSS 
YEAR INF eHERDS HERDS INF eCOwS cows POUNDS 
0 SO092e 34626 79387Be 203166 143312176 
i 510Ge 39166 O37T7G9e 195356 120834546 
2 5184. 39256 630696 200056 12132590. 
3 60436 26826 314386 162956 67204656 
4 6191. 23806 318106 17687. 68890356 
5 61996 26046 372966 17917. 75328026 
6 64626 24136 3351 Be 189996 72463386 
7 67006 2471e 3602096 200106 775385 1e 
8 63096 3221le 473436 179806. BBOI1LSLe 
9 5870e¢ 32726 421936 16151. 78632996 
10 S8236 2651. 336826 160216 67762956 
11 57766 24520 3265T7e 159666 66317126 
le 56456 24836 330246 156096 6611174. 
13 52626 268l1le 349836 142506 66284896 
14 51826 2282e 286806 14065. 5818921e 
1s 4G64%e 22006 299806 133096 58504766 
6 4714.6 22476 285086 124796 55349166 
17 45056 21046 2044606 11821. 51714126 
18 40296 22666 271556 10487. 50424266 
19 38546 1844.6 221380 99686 4332874. 


TABLE 21-B-1 (continued) 
CeeSHEEHEREREEEEE NBTC SIMULATION MODEL #€4&KKKEEKEKEREEEEKS 


eeceoee BEEF MODEL eco CALFHUOD VACCINATION 39e5X%ecccccec 


SSSR SEREEEHEHE RE GT UN 4 TO T A L S¥¥KKEEEEKERESE 


me ee ew we www we we ww we ws ws we ae ws we ee ee = we wee re we ae waa a = = 
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UNDETECTED QUARNTD. QUARNTDe INFECTED CALF LOSS 

INF eHERDS HERDS INF eCOWS cows POUNDS 
fe) 1149. S87. 31204. 8718.6 565 8272e 
1 P33 609-6 248446 T7276 46492376 
2 M25. 602-6 246556 7727. 46802536 
3 12156 436. 15123. 56866 28305056 
4 L201le 389-6 153036 5895-6 28611086 
5 1180.6 399. 16157. 5893-6 29407436 
6 1189.6 3656 15557. 5956-6 28765396 
7. lo 7 3656 1538156 6029-6 29215426 
8 i142 4326 17142. 5745-6 30445366 
9 1069.6 4426 166476 5316-6 29143466 
10 1043.6 3736 14770 5102-6 26458406 
11 1026-6 347 140126 4987-6 25343006 
12 9966 ay ui 139096 4834.6 24974326 
13 G42-6 367. 13847. 45566 2445754e 
14 919. 3226 126386 A4lle 22711406 
15 8926 314.6 122866 4271. 22065256 
16 8566 ars. 12051le 4096-6 2148921. 
17 8266 2996 11491. 39396 20542426 
1e 7566 328-6 116002. 3610.6 20176856 
i9 7266 ater 102396 3430-6 18177236 
SREREEKEKKEEKKKEHEE RK E G 1 ON 5 ty (@) ap ZA L SEeeegeKKERKSES 
_ UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 

YEAR INFeHERDS HERDS INF eCOWS cows POUNDS 
re) 12872. 9396-64 2990156 761896 533207686 
1 12460. 9539-6 234687. 673336 434305286 
2 12584. 6675-6 2199636 683796 421411366 
3 139646. 6233-6 1271276 515056 24781424. 
4 140866 5328-6 1180266 55857. 239134086 
5 135796 0163. 1389596 54008. 26082448. 
é 14023. 5146-6 1197166 56444. 24015072-6 
7 14389. 52976 1248546 587136 250306886 
8 13186. 7065-6 1563836 52351. 28061440. 
9 11969. 6768-6 144008. 46552. 255974566 
10 113376 5645-6 122084. 429936 222599686 
11 110456 4899-6 107894. 419186 2028948B.6 
12 104086 5068-6 108780. 39016. 19921952. 
13 SS5SO56 50096 1043786 35775e 18861328. 
14 9i226 4344. 92614. 33701. 17045168.6 
15 8629-6 4128. 879506 31791. 16159747.~ 
16 BOYL. 39776 B3591.6 29837- 15293344, 
17 76336 36946 TB224.6 281196 14342829. 
18 6736-6 3946.6 734386 249316 138383046 
19 63566 3152. 650086 232296 11877501. 


TABLE 21-B-1 (continued) 


SKSSEKKEEKEKEKEKREH 


ececooe BEEF MODEL 


SHOCKER ESREREHKESE RE GI ON 


NBTC SEMULATION MODEL 


SHEKKKKECEKEKKER SE 


eee CALFHOOD VACCINATION 39e5Kccocccece 


6 T 


O TAL S¥RESKEEKEEEKKES 


ee ee cee ce we ee ee ee ee a we ee ee we ee es es ee es ee es ee ae ee 


UNDETECTED 
YEAR INFeHERDS 


7356 
ele 
682e 
B4le 
873-6 
867. 
GI3Be 
997 
654-6 
7266 
O7Ge 
6886 
6266 
5526 
S236 
49l1e 
4526 
4236 
3566 
3356 


ODNON FUNK OODNOVESUWNHKO 


> pe Pp pt pe Pe PE pO pO 


SSREKEEKEEEKESKKE KR E GI ON 
QUARNTD. 


UNDETECTED 
YEAR INF eHERDS 


4076 
3568-6 
3196 
3306 
3196 
3076 
3026 
2996 
2606 
2256 
2106 
198.6 
L856 
1636 
154%. 
144. 
1296 
Lle. 
100-.. 
G30 


OOENONSUN KR OUMNAN PUNK O 


= = pe PP pe PS Pe = po 


QUARNTDe 


HERDS 


1050e 
1149. 
1124.6 
B62 6 
7566 
B256 
Tole 
T966 
105le 
L007. 
B1l4e 
O74. 
T1l4e 
TOT7e 
6086 
5656 
542e 
SOL e 
5O07e 
4246 


HERDS 


3236 
400. 
3696 
281-6 
2296 
2266 
2196 
2186 
2556 
2546 
2086 
181. 
1726 
l72e 
149.6 
L366 
134.6 
124.6 
i226 
1036 


QUARNTD. 
INF eCUOWS 


27961. 
19842. 
2U3036 
113006 
112096 
129956 
118346 
130396 
170596 
14454. 
llod&Se 
GUNG e 
110006 
102266 
87226 
8248.6 
78346 
71996 
T17Z2e 
53196 


INFECTED 


COWS 


40036 
36436 
36026 
3044.6 
34036 
3B421e 
3807.6 
4119e 
33556 
27726 
29256 
26296 
23526 
2057.6 
19266 
18066 
1663-6 
1556e 
1322. 
12336 


CALF LOSS 


POUNDS 


452785 le 
34160406 
34907876 
2015079e 
2054141. 
2280401. 
22001826 
24058656 
27805696 
23482326 
1949155e 
1730867. 
18294436 
1676517. 
146248Ge6 
13806266 
1301470. 
12013856 
115391864 
966461e 


7 TOT A L S¥*SESKEREKEEES 


QUARNTDe 
INF eCOWS 


109106 
T1006 
66766 
38839 « 
37186 
40926 
41VU1l. 
4209 6 
48586 
42226 
33766 
3054.6 
2904%e 
284364 
242le 
22906 
22356 
2027.6 
1955e 
1SdBe 
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INFECTED 


COWS 


19006. 
15106 
1410. 
LO22e. 
1088.6 
1102. 
11146 
11286 
9666 
808e 
T&T. 
TO36 
6566 
ST7le 
5436 
Slle 
4556 
414.6 
3536 
3256 


CALF LOSS 


POUNOS 


18230396 
1242884.6 
11726526 
675171e 
66328664 
7115966 
TUS617e 
7323276 
7866626 
6775246 
SS5947Se 
510628~6 
483544. 
4613976 
4028656 
3806056 
36394 Be 
330760. 
3104386 
259046. 


TABLE 21-B-1 (continued) 
eREREHERESREEEEEH NBTC SIMULATION MODEL ‘*€k&eeeEKERRSE EERE S 
eecoeoo BEEF MODEL eee CALFHOUD VACCINATION 39 eSXecccececcece 


SHKEKKEKESEREREEE RE GI ON 6 TOT A L S¥eEKSEEKEEEESE 


ep a we we we we ws we sw we we ee we we we a we we we www we we we we ws we wm ee we ee we ws we we ww we ws ee ae ee oe = 


UNOETECTED QUARNTDe. QUARNTDe INFECTED CALF LOSS 


YEAR INF.HERDS HEROS NF eCOWS caws POUNDS 
O 24e 206 4466 696 738876 
1 236« 256 4096 T4&e 701186 
2 L2e 27e 4936 7B. 823006 
3 2le 2Te S326 79 88107. 
4 2le 256 514. B36 864456 
5 2le 266 Sb2e B2e G2840e 
€ L2e 266 541. 88e 911726 
7 22e 266 5756 92-6 9665464 
8 206 3O~0e O06 79 6 1041336 
Gg 17. 306 5S7bBe O46 913386 
10 17e 24e 400 6 626 750186 
11 1é€.6 22e 4326 626 712556 
12 166 22e<e 43596 586 708506 
13 14. 22656 419-6 506 670266 
14 lje 19 3546 49 e 57975e 
15 13e 18. 3440 456 562986 
16 l2e 17e 3356 4&4. 5424364 
1S7, L2e 16.6 S066 4le 498466 
16 106 17e 3066 346 443426 
19 Ge 14e 2436 336 39604. 
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TABLE 21-D-1 
SEEKER KEK KEKE 


DAIRY MODEL eee 


EHEKKEKEREEEKEKKE Ue Se 


UNDe QUARNTOe’ QUARNTDe 

YR INFeHRCS HRDS INF eCOWS 
0 2096 8356 16800- 

l 165-6 815. 154236 
Pe 1536 T1736 126226 

3 142.6 682-6 81966 
4 1086 eye hor) 7062.6 
5 100-6 48l1le 61556 
6 96-6 458-6 S662-6 
7 GTe 454e S4&4946e |\ 
8 9Ve 461 54786 
9 966 4506 54226 
10 B9e 4236 S2456 
1l 84. 39Ge 5030-6 
i2 Ble 36460 48566 
13 786 3696 4707. 
14 T4e 3496 45326 
1S 706 33260 43586 
16 67e 317. 41996 
Liz 636 301. 4044. 
18 606. 2866 38946 
19 S6e 2666 37096 


REEKKEEKEKKEKEEKHK R E GI GN 


UNDe GUARNTDe QUARNTD. INFECTED CALF LOSS 


YR INFeHROS HROS INF eCOKS 
c0) 266 L036 1605e 
1 18. B66 1288. 
2 1S. T2e 10436 
3 14.6 O4e G1ile 
4 12. STe T7996 
S) lle S3e 7266 
6 lle Sle 68364 
7 lle Sle 6696 
8 ll. S2e 6786 
9 lle Sle 6706 

10 10. 466 6286 

11 Ge 436 SBle 

l2 Ge 40-0 S466 

13 Be 386 5166 

14 Be 356 479-6 

15 Te 336 444.6 

16 Te sle 4156 

17 6e 2Ge 387. 

18 Ge 27Te 36le 

19 Se 236< 3246 


NBTC SIMULATION MOOEL 


CUwS 


1400. 
12356 
10526 
6836 
5896 
S136 
472e 
49586 
49506 
4526 
437-6 
419. 
4056 
3IV2e 
3786 
3o36 
350 ¢ 
3376 
3246 
3096 


RHE KER EKER KEK 


POUNDS 


4035226 
3636866 
2996366 
184823.- 
1591306 
139037. 
1283976 
124789.- 
1245666 
1232976 
1192166 
114322. 
1104356 
107088. 
103105e 
991666 
9955706 
920806 
BB675 6 
B44606 


CALFHOOD VACCINATION 39e5X%ecccecce 


TO T A LCL S¥REKEEREREKEKEREKEKEKESE 


eae ee eee —— —— 
_— —_ me me a a ae ae eae ee ae 


INFECTED CALF LOSS MILK LOSS 


POUNDS 


38057984. 
352781606 
287528646 
182924166 
16033705e 
141838536 
13199320. 
12883181le 
128778376 
12780788. 
124176506 
19672896 
11603901. 
112910636 
10919962. 
105502666 
102115136 

9883382e 

95630136 

91669566 


1 TO TFT A L S¥KX#REREREKKEKKEE 


COWS 


1346 
107. 
B7-e 
766 
6Te 
606 
ST. 
566 
566 
566 
See 
486 
456 
436 
406 
Sifie 
BiSIC 
326 
306 
27 
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POUNDS 


386596 
30618. 
249036 
217736 
19107. 
173756 
163706 
160586 
162696 
16072. 
150546 
13921. 
13075e 
123626 
114656 
10634. 

993864 

G271. 

86386 

77596 


MILK LOSS 
POUNDS 


40476386 
32469436 
26302156 
22963626 
2015221e 
1830567. 
17226426 
1688019. 
17087696 
16890686. 
1584479. 
14658246 
1376011. 
13006996 
1207054e 
L1L119571. 
1046067e 
G759336 
9093206 
8176456 


TABLE 21-D-1 (continued) 


*REEEKEKERNEEH HR = NBTC SIMULATION MODEL ¥€€&®eEKEREEEKECERE 


eecsceee DAIRY MODEL eee CALFHOUD VACCINATION 39eSKecececcece 
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SREKKEEKEKEHREKEHK FR E G IT ON 2 TOT AL S¥eKKKKKEKKKKS 
UNDe QUARNTOD*’ QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INF. HRROS HRDS INF eCOwS COws POUNDS POUNOS 
O Ce 106 Ole De 1474. 147641. 
1 le be 5Ge Se 13936 141481. 
Zz Le Sie 53-6 Ge 12736 1297096 
3 le Se 496 Ge 1161. 118219e 
4 le 4e 44. 4e 10536 1072306 
S) le Ge 41. se 9B3e 999636 
6 is Se 40. Se 947. 961826 
7 le 5 e 40 6 te 951e 96442. 
8 le Se 4le 3e 9846 996856 
9 le Se ale 3e 9I2e 1005456 
10 le Sie 406 Se 956. 97012. 
11 le Ge 386 3e 914. 92764e 
le le 4e 37e 3e 885. B8982B8e 
13 le Ge 366 te 861. 873206 
14 le 4e 346 3e B21. 833326 
15 le Be 336 se T7846 7955B6 
16 le Ge 3le se 7506 761496 
17 le 4e 306 ee 714. 725156 
16 le 3e 28e ee 6786 68 80 8e 
LS le se 206 ce 620.6 630306 
eeeeeeeeeeeeetee RE GION 3 TOTAL Stheneeacennas 
UNDe GUAKNTCe QUARNTO*e INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HRDS INF eCOWwS COws POUNDS POUNDS 
0 796 3146 5207e 4346 1251736 10443844. 
i 466 2406 3957.6 330 934066 79339416 
2 38e 192. 297Be 24864 T0720. 59711076 
3 336 1586 1660-6 1396 37049. 3141852. 
4 24e l1l7Ze 1309.2 1096 290256 24694306 
5 Zee 103. 10666 89 23s660le 20098566 
6 2le Gee 9526 T9e 21204. 1794484. 
7 2le QGd8e Gl66 T6060 20435. 17268966 
8 226 996 914.6 766 20412. 1723398. 
9 2le QYie G07 T66 202366 1708972. 
10 206 G36 &78e T3e 19585e 16551906 
it 206 90~e 8466 706 18862. 1594234. 
L2 1De 88e B2le OB8e6 18324. 1548272. 
13 1G9e B66 8026 o7e 178956 15118056 
14 186 Bee 774.6 64e 17264. 145906le 
MS lle Be T4506 b2e 16629. 14054486 
16 17e T66 T1776 606. 16001. 13523256 
17 l16Ge T3e 688e D fie 153356 12964976 
18 156 706 657. 3 De 14655. 1238849. 
19 14.e 65e 618.6 S2e 13786. 1165844. 


TABLE 21-D-1 (continued) 
CREE ESEREREX NBTC SIMULATION MODEL 


ececeee DAIRY MCDEL cee 


SVCSeEeeERKESESEE RE GI ON 4 


UNDe QUARNTDOe QUARNTDe INFECTED CALF LOSS 
YR INFeHROS RROS INF eCOWS COws POUNDS 
(0) 19 e TT e S34le 4456 1279836 
1 106. Tle 4966-6 414.6 £is6sl. 
2 Te Tle 32036 267 74809~- 
3 Oe Sle 1554. 130.6 341716 
4 4e 396 12336 1036 27084. 
5 %e 32e 991le 836 21769. 
é %e e2be 8396 T06© 18481. 
7 ae 266 772 646 170526 
8 4e Z2be T4306 626 16422. 
9 3e 2Se T2706 ble 160636 
10 Je L24e 7066 5Ve 156056 
11 3e 236 68le 57e 15034. 
Le 3e 22e 657. S9e 145086 
i 36 22e 637e SJbe 1407Se 
14 3e 2le 617.6 Sle 136246 
15 3e 206 5956 506 13144. 
16 Be 206« 5746 4bBe 12687. 
17 3e 1Ge 5556 466 122506 
18 3e l&e 5356 45e 1138lle 
19 2e 17. Sille 4306 11276. 


SEER 9K404640864% RE GI ON S 


UNDe QUARNTOe QUARNTDe INFECTED CALF LOSS 
YR INFeHROS CcOws 


RROS INF COWS PQUNOS 

0 Sle 20506 28406 2376 68287. 

1 646 29206 32770 2736 783226 

2 67. 317. 36726 3066 880696 

3 65e 2996 2s7le 214.6 573626 

4 4Be 23dce 2254-6 1886 50018. 

5 456 2096 19506 l6é2e 432746 

6 436 199e 17686 147.6 393366 

7 436 1966 16956 lSle 37742. 

 — 436 199. 16766 L406. 37364%.6 

9 426 1936 16436 Lia7e 366056 

10 396 1806. (S65. 1306 348536 
it 3606 1686 147le l23e 327286 
le 346 1606 13926 LiGe 309796 
13 336 1526 13226 1106 294366 
14 3le 1426 12476 104.6 277686 
15 296 L34e 11736 Qde 261186 
16 27e 1266 11066 Jee 246216 
17 266 119.6 10436 b7e 232156 
18 2406 Ll2e S836 B2e 2188064 
19 226 1036 9146 Tue 20348. 


B-73 


REKEKEKEKEKEKKEKKKKEEE 
CALFHOOQD VACCINATION 39eS5SXecccccce 


TOTAL SSERSSESELAE SE 


MILK LOSS 


POUNDS 


125915846 
11701157. 
75458546 
34462926 
2733627 
2197171. 
18589546 
1712412. 
6475176 


08944. 


oe ps = Pp ps FE pow Fp SO 
KHKnnuawFl UID 


+40 XM A LL S¥HEKSKKEEEEEKEE 
MILK Loss 


POUNDS 


6042082. 
6968174. 
78098326 
5142700¢ 
45079896 
39003346 
35359786 
3389229.6 
3352303. 
32852796 
3130977. 
29410916 
2783044. 
26441436 
2494929. 
23469436 
22121366 
20858186 
1965953-6 
18289836 


TABLE 21-D-1 (continued) 
SKKEEREEEEERSEEEKE NBIC SIMULATION MODEL €€&€&HKXKERKEKEKEREE 


ececeee DAIRY MODEL eee CALFHOOD VACCINATION 39eS5X%ecceceec 


SKKKEEKKKSEREREKHE RE GT ON oO T O T AL SEEK KKKKEKKK SK 
UNDe QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HRDS (INF -eCOWS COws POUNDS POUNDS 
O 14e Dore S246 446 126256 1170281. 
1 1Se 6G e S736 4Be 137666 1278924. 
2 156 69 e 6106 Sle 14682. 13625266 
3 14Ge O36 396. ste B8B5T7e 830840. 
4 106 47. 3196 2le T7101. 6692806 
5 Ge 426 2OBe6 2cee 59706 561994. 
6 Ge 406 2436 pec Ole 5431. 509734. 
a Qe 4Ve 238e ZOe 53246 4989906 
& Ge 4260 242e 206 54356 508881. 
9 Ge 40e« Zilie Z2Ue 53086 4974406 
10 Be 37Te 2206 1Be 4927.4 4623896 
1l Te BSNS 2026 l7e 4509. 4232506 
l2 Te 3ee 190. lbe 4244. 3980996 
13 Te 306 179-6 15Se 40096 3760196 
14 Ge c£dbe loTe L4e 3731. 3500856 
is 6e Loe 155¢ lie 34676 3253 52% 
16 Se 240 145.6 Ze 3241. 3040546 
17 Se 2ce 1356 lle 3031. 28435926 
la Se 2le l27e lle 2837.6 2661 726 
1S Ge 19-6 116. 10. 25996 L43979e 
SHEE EKKEEERKECK RE G IT ON A TO T AL SKE KRKEKEKEKK SE 
UNDe QUARNTOe QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INFeHRCES HROS INF eCOWS CUWwSs POUNDS POUNDS 
O 1Ge S4e 7T91.e 606 18977. 2197087. 
i 66 I0V60e 54le 456 12702. 1504141. 
2 ae 2l1le 3686 Sle 8697 6 1022447. 
3 3e 15e 1936 1Ge 4265-6 5042656 
4 2e 106. 1426 l2e 3I29e6 3711866 
5 Le Be 105. Ye 23256 275441 e 
6 2e Be B56 Te L892~6 2231846 
7 2e Ve T66 6 1678.6 1975386 
8 2e Te T06 Oe 1565. 133901le 
9 le 6e 666 Se 1461le 171738e 
io le Ge 606 Se 134l. 1577966 
11 le Se 556 Se L231. 144808e 
le le Se Sle 4e 1141. 134146. 
13 le Se 4Be 4e 10646 125138.6 
14 le 4e 44.6 Ge 9B4e 115730. 
ie le 4e 4 le 3e 9l2e 1073236 
16 le 4e 38e Je B85 1e 1000936 
17 Le 3e 366 3e 791. 9301l2e 
18 le J3e 336 Je 7336 86204.6 
19 le 3e 306 Je 670. 78660. 


TABLE 21-D-1 (continued) 


REREREEREEEEEESEEK NBTC SIMULATION MODEL €& EK EEEKREERKEE KES 


eccece DAIRY MCDEL eee CALFHOUD VACCINATION 39eS5Xecccccce 


KEKKEKRKKEKEKEKEKEK RE GI ON 8 TOT AL SEEKER KKKEKS 
UNDe GUARNTOe QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INF eHRDS HRDS INF eCOWS COWS POUNDS POUNDS 
(0) Ge L7e 4326 306 103436 1417862. 
1 Se 21. T6636 O4e 177996 25034426 
2 6e 266 695 e 5Be 164856 2281511.6 
3) 6He 27Tle 8566 lle 20184. 28118956 
4 6Be 29 e 962-64 306 22612. 3159744. 
5 6e 3U06 1008. U4e 236796 33085266 
6 6e 3le 1053-6 386 247356 34581636 
7 Te 3le 1088.6 Gle 255496 3573656. 
is) Ve 32e Llilje G3e 261156 36533856 
oo) Te sike lisgee We 26561 6 3716594e 
10 Ve See 11466 966 26894. 37638356 
11 Te 326 11566 YH 271236 37963766 
le Te 326 L1l1636 G7Te 272806 3818599. 
13 Te 32e 1168-6 ST e 273866 3833707e 
14 Te 336 1170.6 YBe 2744Be 38426156 
) Ys) Te 33\e 1172.6 Be 27478e 3846904. 
16 Te 32e 11726 GBe 274826 38475506 
17 a) 3ae 1i7le Ibe 274696 3845858 e 
18 Ve 326 11706 Wwe 27444. 38423756 
1S Te 32e 1169.6 G7Te 274026 3830541. 
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TABLE 21-B-2. 
SERRERERREREEEEH NBTC SIMULATION MODEL #86 eC REEKEEEEREESD 


ecococe BEEF MODEL eee CALFHOUD VACCINATION 7@e5X%ececccesa 


SKEKKEKKEEKSERKEKKEK Ul So T OT A LL S#EREKKEKEKERERKKEKEKEEKE 
UNDETECTED QUARNTDe. QUARNTDe INFECTED CALF LOSS 
YEAR INFeHERDS HEROS INF eCOWS caws POUNDS 
O 204ASe 150146 452329 6 11186264 80253744. 
1 19997. 15824e 3531196 100S5il. 65357504. 
2 201066 149096 3377256 1018986 6418433664 
3 225906 10707. 1920756 T83496 376121606 
& 250166 64086 983406. 632766 227066726 
5 264576 4056 O©25406¢ 50077- 14700905e 
6 263486 43086 OYETTBe 5364664 15565944. 
if 263926 44136 733056 54814. 161322046 
8 25271. 564G9e 863476 512646 1722753668 
9 233876 6055e B72046 450526 1651002 3e 
10 226966 4395596 630506 435676 13626314%.e 
1i 222536 4075e 5972Se 430226 12907949~- 
12 215936. 42776 620956 41589. 129923016 
13 201336 48266 OFf374e 375606 131031896 
14 19561le 36336 52902 e 3660866 lL236472e 
iS 189326 3J68Be 519426 356156 109647206 
16 18165. 37056 515836 341036 10720864. 
17 174856 34800 489436 327796 102286466 
18 159396 42546 552595e 287896 104679326 
19 15144. 3114.6 43104. 269636 8778018. 
EKKSEKKKEESEEKKE RE G [| ON 1 TOT A LK S¥KKKKEEEKEKEKKSE 
UNDETECTED QUARNTDe QUARNTDe [INFECTED CALF LOSS 
YEAR INFeHERDS HERDS INFe COWS ccws POUNDS 
O 148.6 1506 25936 S706 4571796 
1 1506 1506. 20226 5656 3835366 
2 1466 1466 2027. 5626 3B85171le 
3 145.6 14l.e 20726 S70¢ 3922176 
4 le l122e 18636 605e 3696546 
5 1466 Ll27~« 20VU2e 589-6 3843386 
6 148. lige 1737 6006 356174. 
7 1506 ll2e ABlLGe 6lle 361667e 
8 1296 1386 2Zl6le 517. 3917256 
Q 104. 1356 1972e &il2e 3471786 
10 97. 10le 145956 3846 2720236 
1a Qe B8Be 13306 371le 2517176 
i2 866 BBe L1337e 3206 2467876 
13 7360 B9e 131Ge 2896 23483664 
14 696 T3e 1065-6 2736 197440. 
15 656 68e l1OlLSe 2586 1874766 
16 596 67e QI4e 2356 180592 e 
17 56e 6le G9O4e 2206 1657026 
18 &2~e 67e 9866 L636 1653566 
1g 40.6 486 GOle L57e 120659. 
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TABLE 21-B-2 (Continued). 
CHKEKHEREKECRES ER NBTC SIMULATION MODEL ¢8&*€RSESSEEREEEES 


ecoeee BEEF MODEL eee CALFHOOD VACCINATION 74eSKeccccecs 


SEKSECEEKKESHREKE RE GI ON 2 TOT AL SBEEKEEKEEKKES 


es <a> sw coe eee <a ae oe ee ee es © ee ee we ee ee ee ee = ee es es ee ee a se oe 


UNDETECTEO QUARATDe QUARNT De INFECTED CALF LOSS 


YEAR INF eHERDS HERDS INF eCOWS Cows POUNDS 
(@) 386 27.6 324%e6 97 « 615756 
A 4a36 3T7e 4306 l22e B17326e 
2 450 420 240 6 1360 994B8le 
3 480 456 5VGe 1466 1092266 
& 536 4le 55836 167.6 LO77TGOSZe 
Ss S306 44% BO24e 167. A1Gl1d4e 
& 5S5e 40 598e L756 1083296 
7 57 e 40 6 580 6 1B3e 112698. 
8 Sle Sle 7O@e 1566 1246996 
.] 446 506 6320 L306 1099246 
10 &2 6 3Ge 4930 1246 89681 Be6 
ii Sle 356 4536 I24~ B444 36 
le 3G 6 366 471. LiGe 854966 
13 346 360 4646 L036 826006 
14 330 31le 39De 996 718386 
hes) Sie 290 3d5e 936 695206 
i6 296 29e 3756 B6e 66 84Be 
17 2Tle 2Te 3456 Ble 6181 8e 
i8 22e< 29e 3626 656 612686 
19 2le 226 Cl3e 6206 486326 
ROESEKEKEESERKEKEESZEK R E GI UN 3 TO TFT A LCL S¥HHEEHEKKEKEES 
UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 

YEAR INFeHEROS HERDS INF.~COwS cows POUNDS 
O 50926 3462e 798786 203166¢ A43B31L21T7 6 
i 510G6 391Ge 637796 195356 120834546 
2 5184.6 392506 63069 6 200056 121325906 
3 60436 206820 314386 £62956 67204656 
a 6768e Lolle 14999 e 3454.6 40536596 
5 T1996 1008-6 9O1L4e 107556 25814626 
6 71205e 1040.6 103036 LiS43e 27507286 
7 T2446 1080-6. 110966e £18596 28546546 
8 T0146 13736 133926 11246.2 30583936 
SG 6580e 15246 146096 LOO39. 3053256¢e 
10 C4326 A1LGDLe 10341. 98606 25127906 
il 63346 1045e GT74le 979 1le 24297760 
12 61766 LO090e AV2250e 9551e 24503406 
| ee 58446 12406 117066¢ 871 Ge 25298566 
14 570Ge 978e BB226 85926 216458Ge 
LS S95 Silse 9056 B8IO0Ze 839664 21357236 
16 53706 S796 B904e B1O3~ 21096976 
17 5198e 9346 85586 T82le 20324526 
18 4777. 14586 104966 68066 21349450 
19 4580.2 B61 « T3896 64756 17241426 
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TABLE 21-B-2 (Continued). 
ECSECEOEEHRESESEE ABTC SEMULATION MODEL 6466666646646 4466% 


eccosoe BEEF MODEL eee CALFHOOD VACCINATION 74cS5X%cececcece 


SBSESSESHESOESES*EKEH RE GION 4 TOT A L SHe&EREREKEEEEKE 


eS eS ER EE Se ne ee ee ee ee ee ee a we we es ee wes ee es ew @ ee a m_ we ee ee 


UNDETECTED QUARNT De QUARNTDe INFECTED CALF LOSS 
YEAR IRF eHERDS HERDS [NF eCOWS cows POUNOS 
0) 11496 S876 312046 87186 56582726 
A LIZZ. 6096 24849. 7727. 46492376 
2 11256 602e¢ 246556 77276 46802536 
3 b21Se 4366 IsIl2ije 5686-6 28305056 
4 12826 278-6 B9256 42376 178725864 
Ss 13036 180. 2951le 31196 114654364 
6 1267e L78e 63076 32176 11849106 
7 2366 173e 6441.6 31936 1190775Se 
6 Li74Se 2066 6841le 298364 1212511. 
9 1097. 2056 65566 2713-6 11421706 
10 10536 l6le 90946 2550-6 10129056 
ii 1017.6 1506 52636 24506 9537356 
12 9766 IS2e 31596 2340. 92675Ge 
i3 9226 1596 SO85e 2184. 8972176 
14 8866 isle 45566 2081. 8200696 
| Be) 8506 i3gle 43786 1990. 7873976 
16 Bille 1296 4246-6 i888e 7578606 
17 775 1206 40056 1794. 7166726 
16 7196 138e 4013-6 1639-6 696976e¢ 
19 6866 1046 34706 1544. 6191556 


SSRSRSCKHSESCEKEKEE RE GI ON 5S TO T AL S¥EEREEKEKKERSE 


(am ee cee RD ee ee Se ee ee ee we a ee ee ew es we Se 


B-78 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF cLOSS 
YEAR INFeHERDS HERDS INF .eCUWS cows POUNDS 
oO 128726 93966 29901 Se T6189 6 533207686 
1 12460. 95396 2346876 6733364 434305286 
(2 £2584. EET5Se 21996364 6837Ge 421411366 
3 13946. 62336 L27127.6 §150S-e 247814246 
4 153406 36146 6388664 410556 146631866 
5 16176. 22156 391636 322026 9234131e 
6 16077e 241le 430076 345446 9776484 e 
7 160706 24576 461836 352666 101580236 - 
8 153506 32016 547736 329186 108758506 
9 141696 34026¢ 5460066 2884le 1033824664 
10 137166 23626 408166 277766 852788364 
1d 134326 22626 369156 2741864 BO012131. 
le 129686 23996 380936 26461. 809619396 
43 120806 27266 420106 238366 81567956 
14 L1714.6 196Se 328956 232316 69799996 
15 1413166 20586 321656 225266 6789044. 
16 10839. 2054e 318236 215646 66247546 
17 104166 I9i7e 302006 207296 63297936 
18 94946 23736 3391 56¢ 183456 64643546 
19 B968e 17196 275036 A7O0OL. 55274556 





TABLE 21-B-2 (Continued). 
HOSESEKEEESEEKEEE NETC SIMULATION MODEL ¥€e& GSK KEREEKEREEKES 


eceooe BEEF MODEL eee CALFHOOD VACCINATION 74e5X%eccecccce 


SOOKERHEREKREREEKE RE GI ON 6 TOT AL S¥eKe Re EKEEKS 


eS SS eS TS A A S| ES) ES SES SEND ENT EE ESS AND AS SED SOND OD ees aie ee aay <D GEN ED OTe) GEES GUD Gab aS SEED <at> Sty GED inl Sc einG~enb- enews cams wen anee UD eb 


UNDETECTED QUARNTD. QUARNTDe INFECTED CALF LOSS 


YEAR INF eHERDS HERDS INF eCGWws cows POUNDS 
(0) T7356 10506 27961. 4003-6 4527851.¢ 
i 7216 11496 19842. 3643-6 3416040. 
2 6826 1124. 205036 3602.6 34907876 
3 Bale 8626 113006 3044. 20150796 
4 1049-6 5356 5490.6 28506 1225562. 
5 1196.6 343.6 37766 2497.6 864828. 
6 W225% 3856 4607.6 C772 « 9897706 
7 1267. 4096 4973-6 2909-6 1046885~ 
8 12136 SiGe S975. 2718.6 11400236 
9 1087.6 S7i2te 6339-6 2294.6 1120337. 

10 1065-6 4156 43856 2280. 8818236 

1 10566 376-6 42426 22926 B643266 

12 1027.6 3966 44206 2229-6 8759206 

13 9336 4526 4996-6 19306 900931. 

14 Q1l4e 346.6 30466 1929.6 Taide 

15 3886 336.6 3718. 1889-6 7387676 

16 847.6 3466 37536 1796. 7288996 

17 814. 3266 35306 17236 6910296 

18 708.6 386.6 40876 1424. 7122606 

1s 681. 277-6 2751-6 1395. 5473526 
HECKER EREESEEEE RE GE CN 7 TO TA L S#eeeeeeeeeets 

UNDETECTED QUARNTDe QUARNTD. {INFECTED CALF LOSS 

YEAR INFeHERDS HERDS INF »COWS cows -: PCUNDS 
0 407. 3236 109106 1900.6 18230396 
1 358-6 4006 71LU06 1510. 12428846 
2 31G6 3696 6676.6 1410. 11726526 
z} 3306 281. 38896 1022.6 OTSIT71Le 
4 352.6 183-6 2106-6 B256 413173. 
5 364.6 115.6 14026 6706 283544. 
6 SSie 118.6 1709. raeys 3161446 
7 3456 1196 1773.6 714. 3230096 
8 324. 1366 1945.6 659-6 3358936 
9 291-6 144.6 19386 5696 321242. 
10 277.6 1166 1507. 5406 264808. 
11 2666 1006 1404. 5246 2500736 

12 2546 1Ole 1405-6 502-6 24679G6 
13 2356 1056 1414.6 4606 241000. 
14 2246 92e 1201. 4386 PIN ELE SE 

15 213-6 856 1163. 421.6 205067. 
16 200. B66 1173-6 3926 2015666 

17 1906 B06 1048. 373. 1838326 

18 1686 88e 1139-6 316.6 1860106 

19 1596 720 8766 2996 1516766 
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TABLE 21-B-2 (Continued). 


SSSSSEVCEREBRESE SS 


ececee BEEF MODEL 


OSES S666E4H8640¢4 RE GION 


ee ee oe ae wee we wee we ws ew ww we @ ww we ee we we Sw we © we we we we we wm we we we we we we ws we we we ee = we —— = 


UNDETECTED 
YEAR INFeHERDS 


24e 
236 
22e6 


HMENOAEUNRMOKVOBVOAY eWHKO 
ee 
0) 
e 


PS ps = © pe Oe = P= OP Me 


CUARNTDe 
HERDS 


206° 
25e. 
27Te. 


27e 
256 
266 
236 
2 3e 
25e 
256 
206 
186 
18e 
1Ge 
166 
166 
166 
1Se 
1Se 
13e 


QUARNT De 
INF eCGws 
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NBIC SIMULATION MODEL 


SKKSEKSESEKEHKEKEKEKE 


CALFHOGD VACCINATION 74e5X%cececcecce 


8 TO TFT AL S¥ERKEEKEEEEKEKE 


4466 
4096 
4936 
Seticte 
514. 
547. 
4996 
5066 
5546 
4926 
39Ge 
3766 
385e 
3776 
32436 
3166 
315e 
29 36« 
2986 
2426 


INFECTED 
CCwsS 


696 
74.6 
7Be 
796 
B36 
796 
786 
79 e 
666 
S46 
S2e 
S3e 
S06 
44. 
4360 
426 
390 
386 
3le 
306 


CALF LOSS 
POUNDS 


738876 
7011864 
B2300e 
88107. 
864456 
899586 
B3407e 
84494.- 
884484 
776736 
642676 
617506 
622636 
5995864 
52597. 
517306 
S065 1e 
473496 
4676364 
389496 











TABLE Z|-D-2. 
HREKKEKREKEKKH KH EK NBTC SIMULATION MODEL KKK KEKE KK KH E 


ececeee DAIRY MODEL ere CALFHOUOD VACCENATIGN 74eSX%ecccccce 


REEKEKKKEKHKHEEEHKE Use So TO TT A LC SHREK KEEKEKEREEKKE EE KE 
UNDe QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 
VR INFeHRCS HRDS [INF eCGws COws POUNDS POUNDS 
O 209 6 @35~6 16800~e 14006¢ 403522. 38057984. 
1 L6O56e Bilis. 154236 1285-6 363686. 352781606 
2 LS sie 77364 126226 1052e 299638 e 28752 B864.e 
3! 1426 6626 81966 6336 16848236 182924166 
4 106. 504. 5247 437 118469306 l232242 36 
S T8Be Ss 1Ore 343864 2EY6Oe 764996 B44959364 
6 5Ge 2476 28656 2396 64448. (35 ce Oke 
i 536 Ocilze 25496 Zilce 578766 67475006 
8 S2e 2lbe 24206 2026 55252 65062 74.6 
9 S06 2106 Sle 1906 537626 63472852. 
10 47e 196.6 22656 14Ge 517936 6187331. 
11 44. 1866 Cie Ste 182e 499436 60080556 
}\ 2 436 1606 AheaSe Lifrles 486246 58787076 
13 426 Livate LOT9G 6 Ih ffalo 47590 6 S7774876 
14 406¢ 1666 ZO24e6 1696 463366 560549666 
15 38e 15G. 1YT36 164.6 451636 55393586 
16 37e lS 436 1930e wOvte 44201le 544371B8e 
17 366 149.6 1891e 158.6 433146 53505737. 
hig} 340 1436 18536 154.6 424766 52726656 
19 32 6 1356 1802. 150.6 / 413046 5156801 e 
EKKEKEKESKEEKHKEK RE GI ON 1 TO VT A CL SkKKKKEEKKEEKEKESE 
UNDe QUARNTO5se QUARNTOe INFECTED CALF LOSS MILK LOSS 
YR INFeHROS HRDS INF eCOwS CQOws POUNDS POUNDS 
(6) 26 6 1036 1605e 1346 386596 40476386 
1 18. B66 12886 LO7e 30618. 32469436 
iz 1Se 72e 10436 B7e 249036 26302156 
3 146 O46 9lle 766 217736 22963626 
4 2% 57. 7996 67.6 191076 20152216 
5 lle Sle 709 6 596 169586 17878336 
6 10e 47. 6376 S36< 152456 1606162. 
7 106 4Ge S926 496 141856 14929B8le 
8 Ge 436 5706 4Be6 136736 14376326 
9 Ge 41le 539 6 456 129176 13588836 
10 Be 3O~« 4856 406 116156 1223679.2 
li To 326 434 366 1O375e 1093202. 
12 60 306 3966¢ Sie 94 B66 998750e 
13 6e 28e 367. 31e B791.6 G2529T.e 
14 Ste 2Se 3346 286 80056 8429906 
15 Se Ze 3056 25e 73096 T69T71B8.6 
16 Se Zilve 2826 24e 67636 7119096 
17 4e 20. 2626 226 6274%.6 6604066 
18 40 1B. 244 206 58366 6142406 
19 re 166 2186 186 Si2 bilan 5496496 
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TABLE 21-D-2 (Continued). 
SSSKKEAKSHSKEE EEE NBTC SIMULATION MOOEL SEKKEKKEKEKEKSECEKEK SE 
eecoceoe DAIRY MODEL eee CALFHOOD VACCINATION 74e5X%eceeccecc 


SSSSSCHHESHESKESCE R E GIT UN 2 TO T A KL S¥SKKSEEEKKEEER 


UNDe QUARNTO>’ QUARNTDe INFECTED CALF LOSS MILK LOSS 


WR INF eHROS HROS INF -COWS cows POUNDS POUNOS 
0 Ze LOe« Gle Se 1474. 147641 
A le ©e 58e Se 13936 141481le 
2 le Se S536 Ge 12736 1297096 
3 Le Se 496 4e L1l6le l1S2lVe 
4 Le Ge 446 Ge 10536 1072306 
5 le 4e 406 3 9636 979986 
6 le ae 37e 3e BBBe 9028364 
7 le ae 356 Je B466 B85 827. 
8 le 46 356 Je B3l.e 8428364 
9 le ae 340 Je BOle B1284e 

10 le %e 3le 3e 741. 7T5291le 

ha le Je 296 2e 6836 69421. 

le le 3e 2Te ce 6426 60515Ge 

13 le Je 250 2e 608 « 61674 

14 fle 3e 246 2e 5656 574036 

is le Je 22e ce 528.6 53572e 

16 le Je 2le ee 496. 503106 

17 le 2e 196 2e 4646 471556 

18 Oe 2e 18e ae 4356 441876 

is O< 2e 166 le 3936 399526 


SOVPSSCHCSEROESCCHEEHRE RE GI ON  ) TO VT A LK S#&kREESEKEKEEEE 


> ee oe a ee we oe ee ee ce a ee eS we ee we we ee ee ew wes we es ee wwe we ee we ee ee ae ee ee 


UNDe QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 


YR [INFeHRCS HRDS INF eCOwSs CcCOws POUNOS POUNOS 
0 T9e 314.6 5207. 434M 1251736 10443844. 
1 466 2406 39576 330e 934066 TI3Z39416 
2 380 1G2e 29786 248. 7TO07206 S971 LO7e 
3 336 1S58e 16666 1L1j9e 370496 31418526 
4 236 10Ge B57e Tle 18988e 1615977 e 
5 16.6 S9e 4036 34% 83866 T20032e6 
6 lle 436 2690 22e §5906 4802996 
7 10. 386 20l1e 17e 4198-6 3591136 
8 Ge 366 1766 1Se 36876 313902. 
9 Ge 3560 1666 14. 34896 2966696 

10 Ge 33e6< 19586 l3e 33166 2821636 

11 Be 32e6 ISte Ide 3iAT7le 269621e 

12 Be 3le 1466 l2e 30686 2607986 

13 Be 306 1426 l2e 2989 « 2540276 

14 Be 296 137.6 lle 2885 6 245281e 

iS Te 28e lj2e lle 278le 2I6469 6 

16 Te 27e 1286 hle 26936 228921 6 

17 Te 266 12%e LOe 26106 2218296 

18 Te 266 120¢ 106 25266 2147206 

19 Ge 24%e l11i4e 10. 2404.6 204414. 
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TABLE 21-D-2 (Continued). 
KEES EEEEEESEEEE = NOTC SIMULATIGN MODEL @€ee&¢ EK EREEEKK KEKE 


eceoes DAIRY MODEL oeeo CALFHOOD VACCINATIGN 74cSX%eccrcoce 


SSCSESEKSKKHREKKEHK RE GI ON % TOT AL S¥eKKEKEEHEEES 


—_—_———— ee a a a a 0 rs ws ee ee ee we ee ee ee ee ee es we eee ee wes ee ee es ee ss 


UNDe GUARNTO*s QUARNTDe INFECTED CALF LOSS MELK LOSS 


YR INFeHRDS HROS INF eCOWwS COwS POUNDS POUNDS 
O 1Ge 77. 534l1e 445-6 1279836 12591584. 
1 10.6 Vie 49666 414.6 115681. Liv7OLlis7e 
2 Fe tilke 32036 2O7e 74809. 754585406 
3 60 She 1554. 1306 34171. 34462926 
4 4e 3660 Bl2e OGe l1782Be 1799584. 
5 ave 266 404.6 34 8335-6 8484536 
6 2e lZe 278. ete 572664 5837636 
7 2e Ie 1966 lO. 4044.6 411400e 
6 Le lle 1556 13e 32166 3256266 
9 le 10.6 L138e Lie 28666 2896036 

10 le Ge 127. lle 2650. 2677006 

11 le Se L196 1OQe 2484. 250834 6 

le le Be l1lge Ge 23536 2375206 

13 Le Be 1086 Ge 2247 226851 e 

14 le 7 » 1036 Ge 2148. 2168386 

15 le Te 99 e Be 20506 2069896 
16 le Te 94e Be 1959e Ii97794&e 
17 le Ge 906 Be 1875. ABG251.6 
18 le Ge B66 ra 17936 1810366 
19 le 6e B2e rar 17056 W72iS52e 

SEEKKRKKERREEKEEE RE G YT ON 5 T OT A LC SeERKEKKKEKEERSE 

UNDe QUARNTD>e QUARNTD. INFECTED CALF LOSS MEitK LOSS 

YR INFeHROS HRDS INF -COWS Cows POUNDS POUNDS 
Oo Sle 2056 28406 2376 68287. 6042082. 
A 64e 2926 3277. 2736 783220 69681 74%e 
2 67. 317. 36726 3066 880696 78095326 
3 656 29Ge 2571.6 214.6 573626 51427006 
4 4&7o 2156 1471.6 1236 326396 29427066 
S 336 Als3e 7356 Ole 152956 1393447e 
6 22e 85e 504e 426 104656 9548926 
7 20e 77.6 3776 3le 78536 7137766 
8 196 74.6 3266 2le 6818.6 6167796 
9 18. Tle 3056 256 63896 5772146 

10 l17Ve 666 286. 246 6004.6 542538 6 

ll 166 636 2706 236 5668.6 5120796 

l2 166 Ole 2596 226 54356 49082306 

) es! 156 5Ge 251. 2le 52566 474598 e 

14 L5e 56e 2406 206 5027. 4540356 

15 146 S3e 2296 196 4797. 4333046 

16 L3e S2e 2206 lde 4607.6 416087e 

17 L3e 4G 6 Z2ille 1Be 44326 400274. 

18 l2e 4B8e« 2036 17e 42606 3847236 

49 l2e 446 A926 166 4028-6 3639646 
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TABLE 21-D-2 (Continued). 
SCSESRSRERKERKERE NBTC SIMULATION MODEL SHKEKKESSEKEKKEEES 


eccoccsece DAIRY MODEL coe CALFHOOD VACCINATION 74eSXecccccce 


SHROSSEKSSSEEHEKE KR E GION 6 TO T AL SHEKEKEKEEEEKES 


Oe awe wares ees SS OSS OE OO @ OO OES 222 @ Oe O28 @ SB Oe O@@ © 2 @ OE O22 OC OOO S28 @ oe ws OO — 


UNDe QUARNTO. QUARNTDe INFECTED CALF LOSS MILK LOSS 


VR INE eHROS HRDS INE COWS cows POUNDS POUNDS 
O 14e 5956 5246 240 126256 t1i7O0281le 
A 1Se 0Ge S73e 4Be6 &37666 1278924- 
2 156 O96 6106 Sle 14682. 13625266 
3 14e O30 396-6 j3e B8B57T.e 8308406 
4 §O6« 446 2096 17e 4651. 438444. 
5 Te 2te 996 Be 2075S 6 1974696 
6 Se G7e 67e Oe 1401. 1334606 
7 %e loe 536 Ye 1109-6 105119e¢ 
8 %e 166 4&9 4e 10236 96599 6 
9 %e l6e 47. 4e 987e 93067e 

10 %e 14.6 44e Ge G25 6 873406 

1a 8%o 14e ale 3e B736 B241ile 

le 4o L3e 406 se B436 794966 

13 4e l3e 3IVe 3e B2le T7385e 

14 3e l2e 37 e Je 7786 T3437. 
is Je lee 3Se 3e T4le 699456 

16 Je lie 346 3e 7136 67294%.e 

1? Je dle $30 Se 686 6 647566 

18 3e 10. 3le Je 6596 621956 

19 3e Ge 296 ee 6lle 57674. 
SSESSKKSESSKHEKEESH RE GIUON 7 TOT A LL S#RKEKKKKKKKEKKE 

UNDe CGUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 

YR INFeHRES HRODS INF eCOWS COws POUNDS POUNDS 
ce) 14%e 546 T9l1le 666 1e977.e 2197087. 
i 66 306 541. 4506 127026 1504141. 
2 4&e 2le 3680 3le 8697. 1022447. 
3 3e 15e 1936 lobe 42656 5042656 
4 2e Ge 936 Be 20536 2435206 
3) le 4e le Je 8596 LO272T.e 
6 le Je 266 2e 547e 654076 
7 le 3e l1Be 2e 3846 45721. 
8 le Je 1Se le 3166 37417. 
9 le 3e 146 le 2856 337226 
10 le 2e 13e le 2626 31001 
13 le Ze l2e le 2446 288506 
le le ce lle le 2306 272246 
iJ le 2e 10e Le 2196 259136 
14 le 2e 10. le 2086 245706 
is le ee De le 197. 233246 
16 Oe ce Ge le 188. 222048e 
17 Oe Lo Ge le 179. 21l1l26ée 
1e Oo 2e Be le 1706« 201226 
1G Oe le Be le 159. 18862. 
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TABLE 2]-D-2 (Continued). 
CHEERS EEEEREREHE NETC SIMULATION MODEL eee EKREEEEEKERE 


ecoecee DAIRY MODEL seo CALFHOUD VACCINATION 74e5SX%ececcecce 


SSEECESEESRHEREESEHE RE GIT ON 8 TO TFT A CL SBeKEKEEHREKKRE 
UNDe QUARNTDe QUARNTDe INFECTED CALF LOSS MILK LOSS 
YR INFeHREOS HROS INF eCOWwS Cows POUNDS POUNDS 
0 40 17.6 4326 366 LO343~6 14178626 
1 Se 2le 7636 o4e 17799. 25034426 
2 Ge 2be 6956 5Be 164856 2281 Sile 
& 6e Giles 8566 Tle 201846 28118956 
4 Ge 2V9e 9626 bV6« 226126 31597446 
5 be 306 1006. O4 e 236286 330163664 
Gc 6e 3VU60 1047. Te 245866 34380386 
7 Ge 3le 1076-e GOe« 25258 6 35335656 
8 Te Sle 10956 Dle 25687 6 35940376 
9g Te 3le 1109. Jee 260286 3BO42414e 
10 Te 3le Li2ode G3e 26276. 36776206 
11 Te 32e0 A127. QW4e 264466 37016406 
le Ze 32e L1336 D4e 265686 371893686 
13 Ve 32e AlLi7e 996 26658. 37317446 
14 Te 32e 11396 IS e 26719. 37404136 
16 Te 32e 11426 956 26781. 37492026 
17 Te 32e 11426 Qe 267936 3750940. 
18 Ve 3 2is 11436 VSe 207966 37514446 
139 Te 32e 1142. QYSe 26786. 37501376 
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TABLE 21-B-3 
HECEEKEEESSEE EES 


BEEF MODEL 


NBTC SIMULATION MODEL 


pte tay allele dia satedyy Ue Som 


UNDETECTED 
YEAR INF -HEROS 


OEVOMFSURKHOOCONOU SUNK OS 


= = 6 &= f= & f= = PF &= 


SESSHEKECKESHESEEE RE GI ON 


UNOETECTEC QUARNTDe 
YEAR INF eHEROS HERDS 
148. 1506. 
1S50e¢« 1506 
414606 1466 
145.6 l4le 
51le i22e 
1466 l12T7e 
148.6 Lidge 
1466 L09e 
1196 127e 
92e 1196 
B36 856 
T7Te T2e 
6Ge TO00© 
S7e 696 
S3e 556 
496 5le 
44% 49 0@ 
406 a4%e 
306 466 
296 350 


OBVOUNSUNDRMOVaNAV SUNOS 


Qe © pe p= = GS PO = = 


204656 
1S$997. 
201066 
2259064 
250166 
264576 
27714. 
283906 
272426 
259336 
25138. 
245260 
237756 
22774. 
220966 
21411. 
20648. 
19951. 
187966 
18097. 


HEROS 


15014. 
158624e 
149909 e 
lO7O7e 
64086 
40586 
27376 
14236 
35736 
28696 
24406 
2o7le 
2575S e 
2601e 
21076 
24236 
22546 
2084s 
25896 
17096 


QUARNTDe 
INF eCOWS 


4523296 
3I5SILAUVe 
3377256 
192075e 
9BI3I4&06 
6295806. 
36017. 
L3TIV4Ge 
31IBSBSe 
30704. 
25151 e 
226956 
236236 
2401 4e 
21027e 
208946 
203436 
192836 
213376 
L7LALde 


RKKEKESEEKEKEKEKREKES 


CALFHUOGLD VACCINATION 90% 


cows 


1118626 
LQOSlle 
101898. 
783496 
632766 
$0077. 
391336 
300596 
294836 
275326 
26451. 
259766 
250896 
237616 
230466 
2233536 
214736 
20724. 
19094. 
16403. 


T OT A LL S¥SHKEEKEEESESEKEEEKEEE 


QUARATD. 


=e oe <p om oe oe oe oe we eee ee 


INFECTED 


CALF LOSS 
POUNDS 


80253744. 
65357504e 
641843366 
376121606 
227066726 
147009056 
9663471. 
6596391. 
73192766 
6883867Te 
61019966 
57608736 
57528396 
S63844l1le 
5200494. 
50516656 
493051 Ge 
47162696 
4759883~6 
41821926 


i TO T AL SEREEKEKEKEKREE 


QUARNTDe 
INFeCOWS 


2593e 
20226 
2027.6 
20726 
&B636 
20026 
1767e 
176864 
19906 
17166 
l2lhkde 
ld073e0e 
10506 
100dGe 
B01. 
7526 
T7286 
6546 
T0Se 
4766 
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INFECTEDO 


ccws 


S706 
5656 
S562e 
5706 
60Se 
589 6 
6006 
5926 
4766 
3626 
3266 
3056 
272e 
2240 
20864 
193-6 
A736 
160. 
117e 
Lll3e 


CALF LOSS 
POUNOS 


4571796 
3835366 
3B851T71le 
3922176 
369654. 
384338. 
3561746 
3510566 
3593326 
301542.- . 
2267996 
203484. 
1940266 
1799336 
1487126 
13923064 
l1322736 
1198146 
1183626 
867736 








TABLE 21-B-3 (continued) 
KREEAKKKSKEKKEKES KH NBTC SIMULATION MODEL SEESCKREKSEKKKERKKEE 


eco0cceee BEEF MODEL eee CALFHOOD VACCINATION GOR eevccoecce 


SHECECHREKERSEEHKE RE GE ON 2 TOTAL S#eeeeeeeeenes 


<= <ew oa «a> _—=— — a oe we —, 
<6) oe oe <a ee ee oe es <> — SS ES ED eS A ES eS EP A a eee oe ow aa a a> = <a) SS cae 
— — = 


UNDETECTED QUARNTDe. QUARNTDe INFECTED CALF LOSS 


YEAR INF .HERDS HERDS INF eCOWS cows POUNDS 
O 386 276 3240 97 5750 
1 &3o 37. 4306 I22e6 B17aee 
2 456 426 5406. 1366 994Gi. 
3 4&Be 436 594.6 42Be 1092266 
4 S36 4le 9986 L67e 1077636 
5 S36 44.6 6246 167. 116104. 
6 SSe 400 5598.6 L756 1083296 
7 S566 3I9e 5596 L766 10826664 
8 4&7 4Ow 6336 L436 1114794.6 
9 3G e 436 S35e 114. 933006 
10 366 33 4006 106.6 735396 
11 346 286 3986 L1O2e 671626 
12 Bitt 286 363.6 94.6 66160. 
13 27lo 286 3526 8002 623996 
14 256 236 291e 756 532736 
15 240 226 2796 T06 §06436 
16 2le 2ie 2686 636 47841 © 
17 206 19. 242.6 58.6 434736 
18 166 200 2506 4&6 424636 
ig 14. 1Se 188.6 4&36 335736 


SCKEESEEKSEKEHHES RE GE GON 3 TO T A & SHeeKEKREKEKEES 


oe wee ee ee ee ce we ee ee ee ee oe ee ee we ee ee | em ee ee ee ee we ee ee me a ee oe oc a ee ee ee ee a 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 


YEAR INF eHERDS HERDS INF eCOWS COws POUNDS 
0) S0926 34626 798786 203166 L4331217.6 
1 S10Ge 39166 O37796 195356 120834546 
ie 5184.6 39256 630696 200056 121325906 
3 60436 26826 314386 1629S. 67204656 
4 67686 l6ile 149996 134546 40536596 
S T7199 1008-6 9014e 107556 25814626 
6 T754&36 6546 45436 83676 16400946 
7 77166 317. 266086 63536 LO732626 
8 T4416 7416 4044.0 6301.6 L1973736 
] T1iae EST. 4191le 59666 1165600~- 
10 ESile 5206 JS2990 S771le 10412266 
11 6744. 5666 30236 S6526 9953076 
l2 6552e 5566 3091 54936 9849036 
13 62566 5846 S31Se S2336¢ 981107. 
14 6118.6 4756 28266 5094~6 908829. 
Ue} S937.6 S24%e 278364 49506 BB713i-e 
16 S737. S05e 28196 4770.6 8708106 
17 5552 4706 26736 46lle 8358006 
i8 52556 587. 31206 42796 8497296 
1g 5067.6 40Se 24296 41226 7TS20976 
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TABLE 21-B-3 (continued) 


SVSECARKERKSKSESE KEES NBTC SIMULATIGN MODEL SKREKKERPLEKKEEKE H & 
eececee BEEF MODEL eee CALFHOOD VACCINATION 90% e2e002000 


SHSKREKKERERKEEE RE GI ON 4 TO TAL S¥eeeeeeeeceat 


SL eS EE ESD Oe SD Se ED EE DD ow ee OR oF AE GO > aw a a 


UNDETECTED QUARNTDe QUARNTD. INFECTED CALF LOSS 
YEAR ENF ehERDS HERDS INF «COWS cows POUNDS 
0 11496 587.6 31204. 87186 56582726 
1 11336 609.6 248496 7727 46492376 
2 1125. 602. 246556 7727.6 46802536 
3 12156 4366 151236 5686.6 28305056 
4 1282. 2786 89256 4237.6 17872586 
5 1303. 1806 5951-6 31196 11465436 
6 13176 1216 36826 22826 7460506 
7 13106 7le 24766 167% 4966696 
8 1242. 138.6 291 Le 1626.6 5336516 
9 1170. 1106 2736. 1478. 4923506 
10 L119. 926 22996 13786 4304206 
11 1075.6 986 21076 1313.6 6007226 
12 1029. Qe 2043. 1246. 3851676 
13 976.6 906 19976 1162. 3697584 
14 S366 7360 17346 1105.6 3384266 
1S 896.6 826 1706. 1055-6 3234576 
16 e556 756 1656.6 1000. 3114226 
17 8176 696 15586 95le 2939266 
18 7676 B26 15786 874. 2869556 
19 7326 56.6 1362.6 8256 256077. 


SSSSRSKKEESHESESHKE RE GI GON 9 TO TFT AL GS¥**KEHSEEEESEKE 


I a ee ee 


105646 
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UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INF eHERDS HERDS INF eCOWS cows POUNDS 
0 L2872.6 93960 29901 Se 761896 S3I3207686 
i 12%606 95396 234687. 673336 434305286 
2 125846 £675e 2199636 683796 421411366 
3 139466 62336 L27127~ 315056 24781424. 
4 15340. 36146 638866 410556 146631864 
S 161766 2215.6 391636 322026 92341316 
6 169056 1457.6 220036 249206 S9528436¢ 
7 172960 7456 138556 18948. 39441620 
8 166056 2131-6 189156 186686 439381606 
9 iS5628~6 1584.6 182306 175296 41502006 
10 IS338@. 1200. 1536506 16848. 37423996 
ii 149666 &t6106 13771. 16587. 35327546 
12 14504. IS326 145926 16029. 355561 Oe 
13 1389S. 15196 147696 A5224.6 34843386 
14 13481. 12256 13117. 14764. 323901 7e 
1S 130606 14686 127966 14311. 31487986 
16 125966 13350 L2051e 137826 30744826 
17? L21706¢ l231le 120890 £33156 29515236 
18 114756 15426 133496 123140 29828860 
19 L104%7e 984 11884. 26439796 


TABLE 21-B-3 (continued) 
SHSCHKEHKHEEEHEEEFE NBTC SIMULATION MODEL Fe&eKeeEKKEKKEKEKR & 


eeooee BEEF MODEL eee CALFHOOD VACCINATION 90% eveoecece 


SHOCCEHRKREREEEEKEKEE RE G TON 6 TOT AL SHREK EKKEEKEES 
UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
YEAR INFeHERDS HEROS INF eCOWwSs cows POUNDS 
0 7356 10506 27961. 40036 45278516 
1 T2l1e 1149.6 19B42e6 36436 34160406 
e 6826 1124.6 203036 36026 3490787. 
3 B41. 8626 Li 300.6 3044.6 20150796 
4 1049.6 5356 94906 28506 12255626 
5 11966 3436 37766 2497.6 8648286 
6 13446 248e 21096 21436 587904. 
v 14556 90 L321. 17636 4073956 
8 1406. 2916 20296 17596 4805296 
9 13366 2636 2057e 1637. 463949e 
10 l3ZlJe 2166 1601. 1601. 40647Ge 
li 13006 23le 14906 15936 3921146 
la L27Se 2c27e 1546.6 L557. 3934866 
13 12236 23686 16536 1472. 3942886 
14 11996 194. L4O0Le £4466 3613996 
is 11726 2l7e 1392-6 14136 355628 
16 1135.6 2086 t4l2e 1361. 3508026 
17 1102. 194%~e L334. L31l9e 3358906 
18 10236 241o 1546 1192. 3433856 
19 98Be 164.6 L1l8B2e t1is2e 2956066 
SKSESRKKEKSESEEREEG RE GI ON 7 YT O FT A LL S¥eKREKKHKKEEKES 
UNDETECTED QUARNTD. QUARNTDe INFECTED CALF LCOssSs 
YEAR INFeHERDS HERDS INF .-COWS Ccws POUNDS 
Oo 407. 3236 109102 1900. 18230396 
1 35@o 4006 T1006 15106. 1242884. 
2 3iGe 3696 66766 14106. 11726526 
3 3306 281. 3I8BB9e 0226 6O7SI71.e 
4 3526 183.6 21066 8256 4131736 
5 304%. 11lSe 14026 6706 283544. 
6 3826 B2e B34e 5686 1886736 
7 3946 306 56be 4736 134077. 
8 367.6 766 8666 4506 163984. 
9 3406 736 B24 4006 1513146 
10 3260 S7T.e 640 6 377. 12719626 
i | 31lZe Sle 598 6 37G3e L1i7717. 
le 3036 556 019.6 3566 1216226 
13 2866 576 BUS 6 3306 1167596 
14% 275e 47e 9I3e 31i7e 106444. 
iS 264%. 47 5166 3066 102845e 
16 2526 47. 5106 29206 100047. 
17 2426 446 4326 279 6 951566 
18 2236 Sle 529 e 24606 957626 
19 2l3e 3B8e 3996 2376 19694. 
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TABLE 21-B-3 (continued) 
CEKECKSHEHREEEEKEKEEK NBTC SIMULATION MODEL €&*€EEKEEEKEKKEEEEE 


eeecooe BEEF MODEL eco CALFHOOO VACCINATION 90% eosvesen 


KREEKREKKESKEKSESEESE RE G TE ON 8 TO T AL S¥eKKEKKEREKEKESE SG 


UNDETECTED QUARNTDe QUARNTDe INFECTED CALF LOSS 
VEAR INFeHERDS HERDS INF COWS cows POUNOS 
O 24e 206 4466 O96 738876 
i 236 256 4096 T4e 701186 
2 22e6 27e 4936 7B.e 823006 
3 2le 276 5326 796 88107. 
4 2le 25e D14e B3e« 864456 
5 206 266 Dale T9 6 699586 
6 206< 2i3e 49Ge 786 834076 
? LQVe 2ee 4906 T5e 81507e 
& 166 aoe 4DDe 59 e 7B8006 
G A3e 2le 4166 47e 65616. 
10 lee L7e 332 © 456 539396 
11 l2e 15Se 3156 44. 5i616.¢ 
i2 iil. [Se 3I20 © 426 51868e 
13 106 1Se 3l se 37e 498626 
14 l1Qe 14.6 27te 366 443976 
15 LQ~«. Lae 2Tle 366 439376 
16 Ge 13e 2696 336 431566 
17 Ge l2e 2526 32e 4068864 
18 Be 136 25306 27e 403426 
1S Be lle 214o 266 343976 


B=90 


TABLE 21-D-3 


eRREREHKEESEKEKRERE NETO SIMULATLION MODEL 


eeeceee DAIRY MODEL coco 


SKHKKKEKKKEKKKKEKSKE GE 


CALFHOOD VACCINATION 90% 


@9eeeeesd © 


SORES HHRERERKEKE UD Se TO T A LC S¥HEKESEEEREKREKKEEEEEEE 


_—_—_———— ee ee ee em em re re rn ee re nee ee wee we ee oe Se ee SD ee ee ae ee ee ee ce eo ee ee ee ee ee ee ee 


UNDe QUARKNTDe QUARNTDe INFECTED CALF LOSS MILK Loss 
YR INFeHROS HRDS INF eCOWS COws POUNDS POUNDS 
0) 2096 835-6 16800. 1400e¢ 4035226 38057984. 
1 165-6 Bld. 1S4236 12356 363686. 352781606 
2 ISje6 77306 12622. 1US2e 2996386 28752864. 
3 142. 6820 G§196.6 OB3e 18643236 18292416. 
4 106-6 SO4e S247. 437. 1189306 23224236 
5 7Be 3106 344586 2506 76499. 8449593. 
6 5Be 2tbe 24766 2U6e6¢ 563706 6597349. 
7 4Se I3le 2031.4 1O0Ge 86O7Bie 57196966 
8 3Se 1684. 1894. 1536 43983. 5465301. 
9 32e boue L7996 1506 41934. 53273401. 
io 2Ge L336 1714. 1436 399702 SO80861. 
11 27e te3e £o45e lie 383656 49192946 
12 2be Li7e 1596.6 Lite 372256 4803277. 
13 256 ll2e 15586 1506 363346 47128896 
14 24e 108. IS20. 127. 354226 46201616 
AS 23 104. 1486. l24e 346366 45359679. 
1é e3e 1006 1260. l22e 34014. 4475488. 
17 AL ae GT 14366 L2eVe 334636 4418843. 
is 2le B94e i415. lide 329706 436081086 
19 ce DGOe 1339. lle 32347. 4304058. 


SHEKEREKEKSESEEKKE R E G I 


me ea ew ss wr a re ee a a a ee ee 


INFECTED CALF LOSS 


UND e 
YR INfeHROS 


CONOK FUNK OOCENAU SWRA KO 
~~ 
e 
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2015221. 
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6611266 
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YR INFeHRDS HROS INF eCOWS CUuwWsS POUNDS POUNDS 
O Le 10-6. Ole Se 1474. 14 7641e 
i le Oe 58e De : 1393.6 14148le 
2 le Se SJ e Le 12736 129709. 
2! le 5e 490 Ge 1161. 1162196 
4 le 4e 44e 4e 10536 1072306 
5 le Ye 40 3e 963-6 979986 
6 le 4e 37e Sie 88Ge 902836 
7 le %e 3DS~« te BI3Ide 851246 
8 Le 4e 3406 “ile 80T. 81881. 
9 de Se 326 3e 7566 T67T306 

10 le se 236 ae 6776 688486 

1i le Je 256 Qe 604 « 613806 

l2 le J3e 236 ce 548. 557026 

13 le Je 2le Le 5026 510346 
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4 230 10Ge6e 857. Tle 18988. L615977Te 
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10 4e 17. Ide se 658 6 562606. 
11 Se 166 300 Je 614. 524556 
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15 3e 14e 2oOe ce 5326 45384e 
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17 Je L3eo 256 Ze 4996 425466 
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The relevant infection and loss data for beef herds are listed in 
Tables 21-B-1, 21-B-2, and 21-B-3 for the three levels of herd vaccina- 
tion. These data are shown for the total U. S. and by regions. The 
general impacts on brucellosis infection of increasing the level of herd 
vaccination were: (1) to reduce the level of infection within the herd 
thus reducing the probability of herd detection; (2) increasing the 
clean-up rate and thereby reducing both the number of tests to clean-up 
and the number of quarantined herds; and (3) materially reducing both 
the number of infected cows and the level of physical losses. Inter- 
estingly, the number of undetected infected herds decreased less under 
the high vaccination level than under lower levels of vaccination owing 
to the low probability of detection associated with high-level vaccina- 
ted herds. However, the rate of decline in numbers of quarantined 
herds, infected cows ind beef losses increased as the level of herd vac- 
cination inercased. Under the low level of herd vaccination, annual 
beef losses (liveweight weaned calf) were reduced from 80.3 million 
pounds in year 0 to 19.5million pounds in year 19. Under the medium 
level of herd vaccination, annual losses were reduced slightly more--to 
8.8 million pounds. When the level of herd vaccination was increased 
to 90 percent, however, annual beef losses were reduced to 4.2 million 
pounds, representing a 95 percent reduction from the rate prevailing in 
year 0 when accelerated vaccination was bepun in the five regions. 


Corresponding data for dairy herds arerlisted, in Tables Zil=bale 
21-N-2, and 21-N-3, respectively. Annual milk losses were reduced from 
38.1 million pounds in year 0 to 9,2 million pounds in year 19 under 
the low level of herd vaccination. The medium level of herd vaccination 
reduced milk losses to 5.2 million pounds. When the herd vaccination 
level reached 90 percent, losses were further reduced to 4.3 milldion 
pounds of milk per year. 


4. Whole Tend Vaccination in Areas of. High Prevalence 


In program option 4, whole-herd vaccination was administered in 
Regions 3, 4, 5, following herd testing. The primary advantage 
of whole-herd vaccination for either infected herds or non-infected 
herds at risk is that the level of vaccination protection can be 
achieved much faster throughout the herd than with calfhood vaccina- 
tion. Under this option, both calves and adults were vaccinated, 
initially. Once the percent of herd vaccination reached the speci- 
fied level, however, it was maintained by calfhood vaccination only. 
In the model, Region 3 entered the whole-herd vaccination program in 
year 1, Region 5 in year 2, and Region 4 in year 3. The model assumed 
that all of the herds in the relevant regions moved into the low level 
(20-59 percent) vaccinal protection range in one year, into the medium 
level (60-89 percent) in two years and into the high level of protection 
range (90 percent) in three years, with one third of the herds in the 
region being vaccinated per year over a three year period. 


The relevant data depicting the impact of whole-herd vaccination 
on levels of infection and physical losses are shown in the Table 22 
series below. Table 22-B-1 summarizes projections for beef herds 
assuming a low level of herd vaccination, with Tables 22-B-2 and 22-B-3 
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showing projections for beef herds at high vaccination levels, respec- 
tively. 


Many of the conclusions reached from program option 3, calfhood 
vaccination, apply as well to whole herd vaccination: namely, that 
vaccination materially reduces both the number of infected cows and 
physical losses. It also reduces the number of quarantined herds by 
increasing clean-up rates. However, it is less effective in reducing 
the number of infected, undetected herds because by reducing infection 
spread within herds, it reduces detection probabilities. 


With the low level of vaccination program, annual beef losses 
were reduced from 80.2 million pounds in year 0 to 16.8 million pounds 
in year 19, (see Table 22-B-1). Moving the herd-vaccination up to 
the medium level deereased annual beef Losses to 10.1 million pounds 
(lable 22-B-2). With the high level of herd vaccination, annual Losses 


were reduced to 6.4 million pounds by year 19. Moreover, for cach 


B-97 


TAbLe 22-B-1 
Sethe keRkeeseeee NUTC SIMULLATIGN MOCEL EOE EKER EKEE AH 


eceece UEEF MODEL ese TESTING € WHCLE HERE VAC e 3S coke cena 


RK KKE KHER REO KE Uo Se T C T A FL S# Ree GREEK EERE EHR EEE 
Bee Zeaqigaw @ BI 2 THF OIaegawwswseBWeanmoegegese @deaee@ 2 @ @ FG 2 DP SW 68 S&S @ FF S&F 8 SD 6 68 6S Gs ES E SE SE SS GS 
UNULE TECTED QUARNTD es GCUARRTDe INFECTED CALF LOSS 
YcARK INF eHERDS HEXODS INF eCCwS Cows POUNDS 
J 2044506 1501Ge G4E23zZG © L11i8B626 buec53744e 
i l9dHbde 155456 JZILGET7. G305%9e6 606145446 
z 1LBel4Ge 13504%e6 L41EESe 632126 41B91IL3Zo06 
3 I51l24e BIBGe L1E24CSe €1566e 310331040 
4 LsSZibie T4246 L43E7S 6 66491. coQ9o0672e 
5) Shao 3342Ge LETHE Ee 6580366 S2OUUYTEe 
re) VS Se FaALGe ISeT7&2e o9BO0O7e S0V097TOUBe 
uf lyst tle TO. L6E72274%e 7323466 3202492 Be 
3 L7372e6 LVI? Oe 2046 34.e 606175e So7TI35D2ZV0e 
? Los34e YIVUSe LEES4Ce 592566 JjOoLE12&e 
lu Lov o> H2O04e 1ES1LE2. 5E2106 293351520 
lil bho a2i Teoh SPahO 1GECl7.e 552996 <7503472~e 
W2 147696 T5IV6 147CcEe S24156 «2714 3VUVUGe 
13 lip4ale 7TOOl.e 14E37« 4B8U1B8. <6212528e 
14 131706 0605e 12E74E® &4CU20e c<352041b006 
15 1cOo4Vde G37 Sie 122417. 43032e <<V714#94%4%e 
lo 1l1ldd3e Gace PLeZCSe 4U917 6 <lolorude 
i7 Llliv3e S795e PiGaesiees 3864Ve <VUc1G6006. 
1b G¢slde clé0e 11CSZ7e 342236 lyY5b024Ve 
19 Gilode 49796 Gik0Se 321436 lo7968806 
SSNGA Gee SAT ee Ren Galle Cah 1 TOT AL S¥&kR eee Ee HEE 
UNDETECTED QUARNTCe GCLARNTCe INFECTEC CALF LOSS 
YEAR INF eHERDS HERDS INF eCCwS CUuwsSs POUNDS 
v) lade 1506. colS Ie S706 4571796 
i L506. 150e ecCé2e 5056 38535366 
2 14 36 143.6 1SS2e So5le 3779766 
3 1356 1326 14642. SS) BG 3JOO1LI31le 
4 1406 lide 17Cé2e 5596 SSSEls Se 
S 13V°6 119e les Se 556e 358391. 
6 1460e 1106 173246 5906 3482276 
7 1536 114e 1843.6 G2le 3sou3xslvie 
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2 oe Cle Bele sive 8697. l1Oo22c447e 
S} ste l6e CG6e6 ace 70066 o230lle 
4 3e 13e c42e eCe 57356 uT3361le 
5 ce lie 2026 17e 47956 Sod5U3e 
6 2e 1l0e 173e 146 409G9e0e 480505e 
7 Le Ge 15Sle lie 35G2e 4206626 
8 2e Be 12€e lle 322660 377507e 
i) ce Te 2B 1Ce 2Gicece 3407470 

10 le Te 1106 Ge 26V02e IUa52Be 

lil le be 9de Ee 23c5e cle22sve 

le le Se see Te 21006 <4574B0 

13 le Se Ble Te 19136 c<c2sbebe 

le le 4e Tae Ee 17456 2U4G1UT7e 

VS le 4e OVe Ee 159Ge lis705be 

lo le Ge E2e ore 1477.6 L7260594.6 

17 le te S@. Se 1366S. lodlldSe 

1s le Je 5Ge Ge 1274e 143G930 

1g le Je 49 e Ge L167e 136555e 
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TAttLc 


SKERHKKER EHH RH HK NOTC STMLLATICN MCDEL BER Ge ORE ye HH Re Ke HK 


seecessDAIRY MUDELeceeTE STING €& WECLE REREL VACe 4 edhbeooescoce 


Be Ek xgaseeeemheew 22 fF G | C A E TOT A LL See##a ee aKeeey GE 


UNDe UUARNTDe VUAKATCe IRFECTED CALF LOSS Milk LOSS 


VR INF etitUd HROS INF eCCKwS CCwS POUNDS HOUNDS 
9) 4e 17e 432 6 2€6 103436 14178620 
i De ite Ot ~« E4e 1779Ge 2£OU 54842 eo 
e oe Coe cSSe Stel Loa4ede ecolSlle 
3 be mete Hr5e Tle Z2U01GGBe <bUTOU2V. 
+ O° Ye G61le ECe <25706 3153967 6 
(3) be S0e 10056 t&Ge 2IOE1T7 © 3S2LIGDbO6e 
6 Oe dle LUS le Sb e 2464950 3IG5DeLLKEG4e6 
7 Je 41 1VRE.% Gle L2550ce 3sso7lb3e 
8 Te ‘on 11106 Gde 2004 te 364355806 
y Ve Ie l1-Ge S4e LO4S De 373924728 

lu a) die LiStle GSe LO7T5T.e6 37448336 

Ler ve DW aa) 1145 e GEe coSd4e SMCS Se 

ie 7 © 4 e tals 6 GSEe cTUB5e I7'9I14336 

ij le Fin L115. 37e 271706 346U3950 36 

is ve $ 2s Litole Sle 27217 e SsoLOcS5e 

lS Te See lilule S7e 27236e Sol 3l2eCe 
fo 7 ® be ar) T161.e Gle 272366 3soul31Bte 

l Te 4 Llcole Sle 27c24o J61147b60 

leo ae Dicte 11606 G7Ve e7c0ce 3bUBD5SOS 6 

iv Je toe 11&Ge G7le clTltsbe 36037736 


Ball? 


TABLE 22-B-3 
ReEKTERKKKEREREK NETC SIMULATICN MCDEL KER RHR EE REEKKEK 


eeovoeooe BEEF MODEL eesotTESTING & BROLE HERD VAC cO9UXececvcce 


REE KER EKRKEKKK Ue So FIC FT A LL SMHKKKKKEKEKEARKKEEK KKK 
8 OS SH SO GS) AY cle a SO ER CS SE GS GD SS GH GS SD GS GB SP GE GY GE GE 5 FD GD OP SS WD SF © S&B & E3 2 GB ER SV GS SP S\]E GS SP SS SD GE? Cs ED GE VE ON GS GS OD DS ED 
UNDETECTED QUARNTO.s CUARNTO. INFECTED CALF LGSS 
YEAR INFeHERDS HERDS InK&ecCws cows POUNDS 
0 204056 L50i4e 4S232Se 1118626 B0253744e 
i 1988Be 155456 33214E7e 930596 CV6O01454406 
2 1B677e 12884. 221727.6 589386 397356486 
3 179696 59046 L11EGC0be 402766 2U796U80e 
4 L7771le 29776 624806 325856 12381555e 
S. 17324%e6e 4369 e ESS e 32850e 11138237e 
6 17339 e 339686 EC44le 3432l1e 107870396 
7 173706 3162¢e StEl4e 353506¢ 11 282222e 
8 166036¢ 38G91e 645156 334036 le27TT72lile 
9 I5S41lle 38456 E41CEe 29727. 116776376 
10 149676 28556 4941lEe 289636 98020836 
il 14667e 31456 G4EC64%e 287356 G3B37E0e 
L2 142076 3038e 477Ebe 279406 94354026 
13 i33036 32620 S11e85e 254166 949G623le 
14 L2939e6e 2387 413806. 24914. 382550436 
NS 125266 2TI4&.e 4CEB2e 242590 BUT 306l1le 
16 11960e 2654.6 414506. 229440 79809606 
17 PUs2ive 23646 Stacie 22154. 74354926 
18 LOS3le 295 1le 41E74%e 19596€e 75091 OUe 
19 LUOl2e 19586 a7 Suerte 18394. o423332 6 
KREEKERKEEEKEKEKEKK RE G IT CN 1 TOT A L S*#ee eR EKERKEX 
UNDETECTED QUARNTCe GLARNTC.e INFECTED CALF LOSS 
YEAR INF eHERDS HERDS INFeCOWS cows POUNDS 
1486 1506 eS 3e6e 5706 4571796 
7 1506 1506 eC22e6 56Se 36835366 
2 1436 1436 1S6S2e 55le 3779766 
3 1346 1306 ISG22e 5266 3619776 
4 i33e 107. 162E6 5326 32201G.e 
5 l26e 108.6 1E7E° 504.6 322647 
6 127e 956 147Ee 5096 2964736 
i 4 L266 940 148G.e S5ile 298&062e 
8 107e lide Lie Se 4256 3Z18511le 
9 B4e 1086 LSiGiéie 33l1le 2758436 
10 7T7e 719 @ 1127. 301e 2105480 
11 Tee 68e 1002e. 2846 1901646 
12 65e 666 GSEs 2556 L8e35le 
13 546 666 GEde z2il2de 170082e 
14 50e 5S2e Tisso 197. 140201. 
15 466 468e T0Ee 1826 1309226 
16 4G4le 466 EB2e 1636 1242156 
17 3Be a&2e0 ECSe 1506 1116146 
18 286 456 Cee 1096 109545e 
19 2Te 32e 431e 1036 7T8527T.e 
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TABLE 22-B-3 (continued) 


KKCEHKREREKEHR KR NBTC SIMULATICN MODEL &#R EK EKER RK KKRK EH 


eseoeee BEEF MODEL eeeTESTING € WHCLE RERD VAC e9VUkeccccces 


OAR de dated Ree Gul tC EN 2 TO T A LL S¥#EEEHEKER KH & 
Oe me Sea BPD © SVS OIVTSsBAIVSAEASFB SAPP SSGOHA AS OW SOS @ 2S OSE BPS GO OS @ BS 7 OS GS 2s 21 Gt 
UNDETECTED QUARNTCe GLARANTC INFECTED CALF LOSS 
YEAR INF eHERDS HEROS INF eCOws cows POUNDS 
0 38-6 27. 2246 976 61575e 
i 436 37 43Ce l22e 817326 
A 426 406 45S e 127. GIT7T7T.6 
3 426 386 a4GSe 127 .e 90857~e 
4 436 32e G42%6 WS S\e BL2isBle 
B) G42e 336 4S5E€e L296 E5769 
6 44 30e G1 i.e 1366 51072e 
fa 4D0 31. 4346 hale b4G U2 e 
8 406 39 6 E3ICe l12Ue G3ob5be 
9 34 386 ATse GGe 8240506 
10 32e 296 26€e B4e 665096 
11 3le 2606 22e QG3e 62566e 
ie Zoe 260 347 e 87 e oS3V00le 
13 cle ove 2144%.6 T66 607%ele 
14 O+e 236 cbEe T7360 Scb266 
15 cle 22e cEQe 6Ge 50fdole 
16 Cle 2le 2T7ie 63e 457076 
17 2Oe 206 24Se S96 44714e 
id 166 2le 2EOe 47e 44i17T7e 
19 156 166 1S€.e 450 3493460 
KKRKKKKEKKER ERR RE G I C N 3 TO T A CL S®HEER EK EHKK HH 
UNDE TECTEO QUARNTCe GUARNYCe INFECTED CALE SI OSs 
YEAR INF eHEROS HEROS INFeCCwSs cows PUUNDS 
10) 5092e 34626 798786 203166 14331217 e 
1 50006 36376 4212E6 12084. 734048660 
2 5185e 17606 1LELET © 90036 332355426 
3) 51836 5736 ElGEe 6721.6 1868962e 
4 52066 7946 SEICrlte 7T557.e 16422206 
5 5128e6¢ 8506 7Te2E4e Tlole l1s004426e 
6 5144e 6236 ELESe 7952e 1786807e 
7 51636 679e 7147e Blale 16403186 
8 49936 8666 2G920e 77866 2v053006 
G 46766 918e 100286 69586 20297996 
10 4571le 667e EEETe 6877.6 1656506e 
11 4495e 7056 €EET7e 6862e 160301546 
le 4382e Tl2e TCET7e E7290 1657194e 
eS 4147Te 7T94%e @17Se 61666 17160446 
14 40496 5936 Ee2lle 60966e 14795456 
HS) 39350 655e E21S 6 59706 146545506 
i6 37696 672e 6EST.6 55.94e 14945456 
17 36506 584e FEEZe 54586 136027b7Te 
18 335906 T5906 7eble 4791.e 14400296 
19 322le 4G7Te ELlEle 4577. 1i73609Ue 
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TABLE 22-B-3 (continued) 
eke KK KE REREKKEe NBTC SIMLLATICN MODEL KEKKKKEKKEKERHE EH 


eceseses BEEF MODEL eeooTESTING € wEOLE RERD VAC e90kzeocceecn 


KEKEKKRKKEKEEEEK RE GI CN 4 TO T A L SRK REKE KEKE 
DS GE US SE MASS SS SKA AP SssEDASAHVISAI Seq Geevw BVP ee GG OF O88 @ OSS FE BHS ® O@ 464 OW 28 & ow a a 
UNDETECTED QUARNTCe CUARNTGO.s INFECTED CALF LCSS 
YEAR INF eHERDS HEROS INFeCOwSs COwsSs POUNOS 
0) 1149e 587.6 212046 87186 S058272e0e 
1 lS Se 6096 Z4E4AGe 7727 e 46492376 
2 1124e 601le e4E2Te 77186 4£O07437be 
3 lo23e 62l1le 1S32e7. 42156 31341096 
4 9666 2556 EZCSe 257 le 135606926 
5 93536 L1LGe GLO Te 16356 o9G2l4ee 
fo) YiABe L25e c€4Ee L789e 535 7S 
ey 9O3e 1360 J316Ee 18976 60724006 
8B S636 127e Sele 167 le 6798206 
S b136 1206. aS Site 17758.e 083256e 
10 Taste 1O2e6 SG Sie 17256 6354 8Ue 
1} T9326 1106 247E6 16986 618801. 
}2 T31.e 107. “541le 16556 eo2l1l023e 
13 69306 109.6 a Sig Ze WS7L1e 6124636 
14 66036 B9e aeilicre LS iio S720U806 
LS 56426 Q3e SEs ie 14666 555278 e 
16 614.6 G36 Sih) SSG 1404. 54185le 
17 58dbe 866 ZGETe 134Se6 5168766 
138 546e 1O02e S0iciae 12376 50743606 
19 Solve T0606 FOE GS 11696 4903724 e 
KREKRKERRKKKKEKKEK RE G I CN € T OT A LC SEREKKEKEEKK KEK 
BEA DOW SB BMS SBVWSOSAase@8Aeaeaq wv ses @G@e geese S82 62828 E89 SS @ @ @ @ @® SF Bi 8 BSS & GS 5 28 & O14 
UNDETECTED QUARNTODe GUAENTOe INFECTED CALF tGSS 
YEAR INF eHERDS HERDS INFeCOwS COwsS POUNDS 
.@) 12872e 93966 e9901FEe T6189e 53I32O7TEUe 
l 124606 95396 CIGELT © 673336 434305286 
2 111706 88366 lELS2GSe 3E505e 26577552e 
3 10727e 32106 61G14e 242856 110952666 
4 100056 7T50e c€E1S. 176866 S48556le 
5 1042le 2318e 2154 3.6 19368. 4995470 e 
o 104656 1736e 23541. 20662e 53458805 e 
ita 10522e 149 36 261846 215156 S77GS127T7e 
3 101166 193Se BAGS. 2064206 6437105e 
9 9414.6 19066 B35 2ile 185036 cc79335e 
10 9140 e 13766 Fe) BEC 18048.6 53172146 
1t 896de 1700e <412Ce 17982e DUTE4lle 
12 BOB83e 1614.6 eSE0e2e 175086 51823856 
13 812260 1750e E7TG74e 159286 526044Ge 
14 TB89VIe 1188.6 2222€e 1S5616e 409044536 
15 T6306 155Se 21S076 1S21E6 4459091le 
16 72996 1404.6 ZELESe 1451lle 439603656 
17 TO032e 124€6 2C4E5E~e 140336 41444666 
18 O41 %e 1642.6 eileTle 124886 4cobO1606 
19 60736 10165e L1ESGSEe 11623e 3EeE89G2e 
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TABLE 22-B-3 (continued) 


WEREEEEEEEEEER ER NGOTC SIMLLATICN MCDEL See R HE EC 


ecoooe HEEF MODEL eeoeTESTING € WHILE HERD VAC eDUkeoeceeee 


EERE KKKKKEREEEK RE G | C AK é TO TFT AL SRHEKKK RR HH EH K 


UNDETECTED 


QUARNTOe GUARATD. INFECTEC CALF LOSS 

YEAR INF eHERDS HERDS INFeCCwS COWS PUUNLS 
0 T7350 LO506. 27ISEL. 40036 452785le 
1 Tele Li4aGe l1GE4Z~6 3643 3S41LEUG06 
2 O71. 110906 1SSG4e 35456 3435512. 
3 SOde GB2e Le pete 20690 30771L3Ble 
& 5346 7T56e 140S0. 29030 24906760 
5 444 6 6G3le 137C4e 241ae 23I338086 
6 429 « S577. 11057. 23156 lyVo0012Se 
ié 414.6 536e VCE? Ze 226l1le 1G2e4RnGle 
3 3196 Olle 1z1S4e L774. <e0VUV6315e 
9 254e 5606 1C230e 1408. lo705S93e6 
10 2436 4406 Ell@e 1334.6 l13sa72c53S36 
il 22G9e 397.6 77CCe 12726 lsu3s5o02e6 
12 2166 38l1le 7T4l1le 12066 P25 VEG Tie 
es i7de 3G3iLe 74S7e 1015.6 12248496 
1G hive 3306 Exc0Ge 998e 10475966 
15 17O06e 3i2e E118. 96586 LUL2GYO4UV.e 
16 L486 318e E1LET7.o 8506 lulLO&41e 
17 136e 294%e EiSerives T7535 e Glso3Te 
ld li2e 2886 S416 C6446 B87 32vEe 
19 LO6e 2466 45 C66 614.6 7T3B91C.e® 
KKK RKB EREK RE GI CN 7 TOT AL Skee ee KEKE KKH 
UNDE TECTED QUARNTDe GUARNTDOe INFECTED CALF LOSS 

YEAR INF eHERDS HERDS INFeCCwS COws PUUNDS 
6) 407. 3236 109106 19006 16230396 
1 3586 4006 71CO06 i510. 1242884e 
2 319.6 363 e EETE® 14106 117cod52e 
3 2736 3240 EZESe 12586 10650666 
4 2456 2620 S267e ll3le G247TT71le 
5 210e 22906 478A7 6 GT2e 8288 3V6e 
6 194.6 194.6 4C027°e B91le 7T117S5G9e 
7 179e 174.6 382266 6380 6760446e 
8 1526 1806 2G1fe T7306 5665004¢6e 
9 1246 1766 2ZEESe 6056 5974&2GSe 
10 llle 146.6 cESTe 541. 4952656 
11 LOle 1256 cEECe 501i e 4561696 
le GOe6« 117e 2EIWG.e 4596 4316076 
13 T93.e li2e c4026 415e 4+OS5ST7206 
14 Tee LOle zlGEe 382 37009be 
PS 66e G2e eC%eoe 35/56 3456756 
10 59e B87 e 1943.6 3286 3cT307 
17 546 B2e 1EZ4e 3046 30608036 
13 “4e B2e 180Se 25 Sie c<x¥45836 
19 420 TOe6© 14E€7. 23Ge 24092 1le 
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TABLE 22-B-3 (continued) 
REKKKKKKKKEKRAKS K NBTC STWULATICN MODEL KHKREKEREEKKEEKEK 


ecooseoe BEEF MODEL eeelTESTING & wWEOLE HERD VAC eQ9Vsceoceoeeee 


CREKKERKREKEKEEKK RE G I CN E TO T A LC S#HER REE HH KEE 
UNDE TECTED QUARNTCe CUAENRTD. INFECTEC CAUES LOSS 

YEAR INFeHERDS HEROS INF eCCwS COwsS POUNDS 
O Coe 206 44Ee« 696 7T3bb67Je 
| Se ade a4CGe T4e 7TO11Be 
2 cee 2Te 4Gie 7Be 82300e 
3 LO0e 2Oe 4GE« T3e 3a82122e 
4 1Ye 2206 G4e0 736 T44836 
5 18e 2le 441e 67. T3AVUT71Le 
6 1&5e 19.6 Gr ire 67. CoLeLEbe 
1 lode lde 3Gle 67e co2lbe 
8 156 20e G42 36 SSe EBs02 6 
9 Lse 2V0e 27Ce 456 5o09T7Ee 
10 lee Loe 2Si2e 436 482308 
i} lee 146 eTEe G36 455935e 
V2 lle 14e 2eCe 406 45917 .e 
MS 10e l4Ge elée 356 4390S5e 
14 10e 13. A sl ete 34 3844T 
tah lJe l2e ccGe 336 37727T.e 
lo Ge l2e 22Ee 3le 3EB32 6 
iN % Ye lle 21Ce 306 34390 
18 Te Ns 214e 256 339026 
19 Te 106 17le 24e 263I2T.e 
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TABLE 22-D-3 


SEKKEKEKEKEK EE ERERES 


NBTC SIMULATIGQN MODEL Keak KREKK EH RRR EEK 


ececcece DAIRY MODEL eeelTESTING €& BMHOLE HERD VACe90keeccocce 


MEKKREREREREREEKE Uo Se TC T A LL SRE RK RHEE KEK ER ERR KK EK 


SB SD BP GD SS EA AD 2 6D GS HD SS OS BY) GE OS Sea aSGeaeaane & @ @@eao 2 SS GD GD GD CS Ge EP 68 TGF OP BO GP OD om Ge 1h Od GS ED ME Gs GD 


UNDe QUARNTDe QUARNTCe INFECTED CALF LOSS MILK LUSS 





YR INF eHRDS HROS INF eCCes Cows POUNDS FOUNDS 
O 2UYe B35e 168006. 14006. Yous 
1 loJe 7T94e 140326 1iéS. eects Stee: 
2 137. 65 36 YISBde 77S e 214609 e 214739046 
3 GIVe Gile S929 6 4G4%e 1324626 13824405 
4 696 2556 41066 3426 915966 100169416 
S S4e 2676 32106 268e 725526 6169321. 
6 +e 2286 28146 ete 642Bl1e T41I52596 
7 406 2026 26106 218. 599836 TULGU1LTZ 6 
is} 456 1936 2514.6 21Ce 579306 65235656 
9 436 1536 24336 2030 SoO0Sl. CO49731l.e 
10 I9e 1696 23226 154. 5346 36 604013706. 
ii 37e 1596 2218e 185. 5i034e olc2lsbe 
le I5Se 1526 214806 17&e 492266 2Sd09066 
13 34e 1466 20786 seekers 277876 DOs Ciltc Ole 
14 32e l3de 20106 167. 462156 vuolog9oVe 
15S 3le L326 1949.6 1léE26 448066 SS30977e 
lo 306 127 .e 18996 1S. 436806 S422ul¥9e 
17 2860 l2le 18S 3e6e 1S4e 426196 531450686 
13 c7e 117e 18106. 1El. 41619. Scl3a37ee 
19 266 L1lLde 17566 1466 403796 SUda8bBEBe 
REKRESHEKKKEKKKEK RE G I CN 1 TO T A LL SBR RH HK HO HK OK 
Beane eae BASSE SS OBO SOOSSOOGQe OO GSEBWA EG © ®@ SC @ & @ @ @® S&H 2 EW MW GH SH © SF) Sh Hs 65 8 SS 2S SS BI DD 
UNDe QUARNTDe QUARNTCe INFECTES CALF LOSS MILK LOSS 
YR INFeHRDS HROS INF eCCwS CcCCws POUNDS POUNOS 
(@) 2606 1036 16056e 134.6 386596 40476386 
1 18.6 866 12386 1C7le 306186 22409430 
2 1Se 696 L1O1l2e E4e 241426 2D521736 
3 l2e 58e B336 EGe 198866 <1V0896e6 
4 lle S06 7TOle Se 16751le 1708307. 
Ss 106 456 6166 Sle 147276 155260le 
6 Ge 4le 556e 47e 133606¢ 14O07vU866 
7 Be 396 5226 4326 125056 13160436 
8 Be 38e 50l1e 4Ze 120136 l2o03282e 
G Be 356 4696 3Ge 112436 Llis3l5Sle 
10 Te 306 417.6 3Fe 99B4e loS230Ve 
11 6e 27Te 3J67e 3le 87686 9e2447le 
le Se 240 3286 Z27e 78496 b626985e 
13 Se 220 2976 cE°6 71146 T493cC40 
14 Ge 19e 2656 c2e 63526 009 38Ve 
1s 4e 17e 238 e zcOe« 56956 CUVU0042e 
16 3e 16e 2166 18. 5174e 54495 1le 
17 3e 1S5e 197. l€e 47156 49605656 
18 Sie Ise 1806 1Se 43096 4537666 
19 2e l2e 15Ge lje 38006 4005366 
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TABLE 22-D-3 (continued) 
SeKEKEEREEKEKERKE NETC SIMULATIGN MODEL #£eeKeKER ER KERN EEK 


eecoee DAIRY MODEL eeoTESTING € wKGLE HERD VAC cIV ke eeecevce 


aKeeKEKREREKEKEKE RE G IT CN 2 TO T A L S¥¥KEaERKRKERH KH 
UNDe QUARNTDe QUARNTCe IAFECTED CALF LOSS >< 
YR INFetROUS HRDS INF eCCws CGws POUNDS a OSONE ae 
10) ce 10. 6le Sie 1474.6 147641. 
1 le 6e Sbe Se 13936 1G148le 
e le Se S2e Ge L2256 12649636 
3 le Ge 436 4e 1031e 1U52466 
4 le Se 36e Je GOT e S839Ge 
2) le Ge 32e Shey ViOlve 77489 © 
oO le Je 2Se ce CVG66« TIUTM41Le 
7 le Je 28e Ze €64e o7T374 6 
8 le 3e ele ce 6536 C622 Ve 
9 le 3e 266 Ce 6286 (one W AoW Ary 
lo le 3e C%e ce S796 Solbve 
1i le 3e 22e6 ee 5306 538526 
Wwe le 2e Cle ce 4G4e 5Su1lE2e 
13 le 20 196 ce 46046 470996 
14 Ue Le 18.6 le 4286 4351 le 
15 O~« Le 17 le 397-6 403106 
16 Oe ce 166 le 37 0e 37600e 
kite Oe 2e 14.6 le 3450 S501 Me 
le Oe 2e Lae le 321e I2O62T7 «© 
19 Oo le l2e le 2BYVYe <Y33O06 
eEEKKKKEKKRKEKERK RE G IT C N 3 TO T A LC S#kXKR ER EKER HH 
UNDe QUARNTDe GUARNTCe INFECTECO CALF LOSS MILK LCUSS 
YR INf& eHROS HROS INF eCCwS CcCCws POUNDS PUUNDS 
10) T9e 314.6 5207 e 4346 1251736 1UVU44 356446 
1 446 2186 2567e 2la.e 56601e 4EB41 3490 
2 266 102e LCS7Te Gle 22807e 1S$60081 36 
3} l6e 356 46Ge 3Ge 93616 BUVGV3I0e 
4a Ge 466 284e <4e 56736 4908936 
5 Be 360 189 e 1€e 3783.6 3261056 
6 Te cTe 148.6 l2e 2980e 2554520 
7 Te 256 1326 Lle 26536 <Leb68O7e 
8 Te 25e 125e6¢ 1Ce 25206. 21514 36 
9 Te 246 l2le 106. 24400 <VU8272e 
10 Oe 236 11€e 1Ce 23356 l1S935V60 
11 6e Lee Lille Ge 22356 l1yvyO082 Sse 
12 Oe 22e 107. Ge 2168e 18s5ul7Z7e 
13 6e 2le 10Se Ge 2114.6 l13dUV4GO0e 
14 5e 206 101. Ee 20406 1741296 
LS Se 20e STe Ee 1SE4~e 1c¢76696 
16 Se 1Ge 94e Ge 19036 1024306 
17 5e 1Se Gle Ee 18386 l5o&a5e 
18 Se iBe BBe Te l7726 1512736 
19 Ge 17e Ble Te 1684.6. 14386266 


B-124 


TABLE 22-D-3 (continued) 


CECE EKEKEREE NOTC SIMULATICN MCOLL €eeKK ERK RE RERE EKA 


ecoeee DAIRY MODEL eeeTESTING E& wWKOLE HERD VAC eQ9VKecccecece 


MOCK EAEKEOKREREKE RE G ICN 4 TOTAL Sh#eeuee acer ke 


UNDe QUARNTDe QUARNTCe INFECTED CALF LOSS MiLK LUSS 


VR INF eHRDS HROS INF eCCasS CCws POUNDS PUUNLS 
2) 1Ge T7Te S34le Qa4Fe 1279836 leoyv1lSb46 
1 1Ue Tle 49666 414.6 1156ele A1L7U1157.6 
e Te Tle 3187.6 LEE T4440 6 TS10474e 
3 6be 50e 135106. 1266 331666 3J354¢322ee0« 
4 Ge 33e 7T51le Cre 15508e ls771ecGe 
5 Le Be 3466 2Ge 68536 TVU1945e 
6 le 136 2186 Le 42156 44227438 
7 le Ge ; 14266 ete 2904.6 cVOCbo3be 
8 le Te L156 106 2301le 233674. 
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level of vaccination, annual beef losses were still moving downward 
in the last year of the program. 


In comparing levels of infection and annual beef losses for the 
U. S. between the whole~herd and calfhood vaccination options, two 
observations stand out. First, levels of infection and losses move 
downward somewhat more rapidly under the whole-herd vaccination pro- 
gram than under calfhood vaccination. This results from two factors: 
(1) Whole-herd vaccination permits producers to attain a high-level 
of herd protection in a much shorter period than with calfhood vaccin- 
ation; and (2) Herd testing prior to whole-herd vaccination not only 
identified numerous infected animals, but also facilitated their re- 
moval from the herd, thereby reducing disease spread. 


The second observation is that the levels of infection and annual 
losses at the end of the 20-year period were lower for calfhood than 
for whole-herd vaccination. The primary reason for this relationship 
is that the whole-herd vaccination was applied only in Regions 3, 4, 
and 5, whereas calfhood vaccination was applied in Regions 3, 4, 5, 6, 
and 7. 


Data showing the levels of both herd and cow infection and physical 
losses for dairy herds under program option 4 are outlined Tables 22-D-1, 
22-D-2 and 22-D-3 for the low, medium and high levels of infection, re- 
spectively. As noted above for beef herds, reductions in brucellosis 
infection (in terms of numbers of infected cows) and in physical losses 
are strongly and positively associated with the level of herd vaccina- 
tion. Even so, annual milk losses were reduced 77 percent between year 
0 and year 19 under the low level of herd vaccination. We must keep in 
mind, however, that an important part of this early reduction is attrib- 
utable to herd testing prior to whole-herd vaccination. 


The impact of the whole-herd vaccination program in the high pre- 
valence regions is quite dramatic. For example, annual beef losses 
were reduced by approximately 93 percent between year 0 and year 19 
under the high level of herd vaccination for Regions 3, 4, and 5. 
Dairy loss reductions in those regions were even more dramatic. 


5. No Program 


The "No Program" option was designed to demonstrate what the econ- 
omic impacts might be if all aspects of the state-federal brucellosis 
control program were to be discontinued. The physical loss coefficients 
for this model were derived from the APHIS Brucellosis Model reviewed 
in Chapter I. However, because the APHIS model was based on only five 
regions (instead of the eight used in our simulation model), we were 
not able to structure regional simulations, but focussed only on nation- 
al projections. Moreover, because the APHIS model assumed an initial 
starting point from a low level of infection, while our model began with 
an estimate of the level of infection prevailing in 1976, we eliminated 
year O from our estimates of losses under "No Program." 


A listing of the physical losses of milk, dairy calves and weaned 
beef calves for the U. S. are outlined by years in Table 23. Beef 
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Table 23. Projected Physical Losses from Brucellosis for Beef 
and Dairy Herds under "No Program", U.S. 


Weaner Calf Losses Dairy Calf Losses Milk Losses 


Year (1000 lbs) (1000 1bs) (1000 1bs) 
1 97,983 2,412 76,274 
2 163,093 5,011 158,149 
3 264,657 10,805 349,617 
4 408,222 18,029 605,162 
5 568,264 24,580 860,092 
6 733,534 29,441 1,077,382 
7 884,896 32,962 1,258,484 
8 1,014,201 35,480 1,404,445 
9 1,119,546 ah, 742 1,532,389 

10 1,202,099 40,197 1,657,951 
11 1,264,746 43,381 1,808,228 
12 Tell, 205 46,494 1,943,289 
13 1,344,600 50,439 2,114,037 
14 1,369,256 54,852 2,305,429 
15 1,385,128 59,654 2,515,078 
16 1,397,029 64,661 2,738,659 
ie 1,406,075 69,701 2,969,767 
18 1,411,329 74,571 3,199,868 
19 1,415,500 79,034 3,419,361 
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losses are projected to increase 14-fold during the 19-year period, to 

an annual level of 1.4 billion pounds in year 19. Dairy losses were 
projected to increase at a rate approximately three times the rate for 
beef. The primary reason for this difference is the increased effective- 
ness of the BRT over the MCI as surveillance tools, which resulted in 
dairy herds having much lower average levels of infection than beef 

herds in year 0. Although there is little likelihood that all state and 
federal brucellosis programs will be eliminated, these data given an 
indication of the serious physical losses that could result if such 
events were to Occur. 


Kconomic Losses to Primary Producers--An Illustration 


The first impact of brucellosis, of course, is on those primary 
producers (cow-calf operators and dairymen) whose herds become infected. 
These producers experience losses in the form of: 


(1) lowered sales of: (a) weaned calves (for beef producers), 
and (b) bull and surplus heifer calves and milk (for dairymen) ; 
and 


(2) losses incurred from forced culling of infected productive 
beef or dairy cows. 


It may be instructive to examine the magnitude of these losses for 
a single year. We selected 1976 since it was the first year of modeling; 
hence, the losses are about the same for each program alternative. The 
estimates in Table 24 relate to the base program, however. 


The loss incurred from forced culling of infected animals represents 
the difference between the value of the animal in the beef or dairy herd 
and its salvage value (whatever federal and state indemnity payments are 
received have not been included). 


Total losses to primary producers whose herds were infected with 
brucellosis in 1976 are summarized in Table 24. 


Table 24. Estimated Total Economic Losses by Producers from Brucellosis 


1976. 

Infected Infected 

Beef Dairy 

Type of Loss Herds Herds 

($) ($) 

Calf losses 245091 oS 132,194 
Milk losses - 3,474,694 
Cull losses 16, 798, 837 3,200,114 
Total economic losses 41,396,610 6,807,002 
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Thus, the combined economic losses to U. S. cattlemen and dairymen 
whose herds were infected with brucellosis were estimated at 48.2 
million dollars in 1976. 


There are a number of reasons why these static losses to primary 
producers can not be used as a measure of the total economic loss to 
society. First, while the individual producer with infected cattle 
might experience a serious loss, producers who do not experience in- 
fection are likely made better off because lower levels of total beef 
and milk production will tend to increase prices. Second, if beef or 
milk prices are increased, consumers are made worse off. Moreover, 
while the producer who must sell his high producing dairy or beef cow 
for slaughter will experience a culling loss, some other producer will 
reap a windfall gain from selling as a herd replacement a bred heifer 
that would otherwise have gone to slaughter. 


Thus, as interesting as it might be to identify losses to produ- 
cers with infected herds, some of these losses are often offset by 
gains to other producers or consumers. Hence, a benefit/cost analysis 
of alternative programs measured at the primary producer level only 
could lead to policy action which might not be advantageous to the 
broader economic interests. Therefore, we must use an aggregate ap- 
proach and estimate the impact of the disease on the total economy. 


Economic Benefits Associated with Program Alternatives 


In estimating national economic benefits from various control pro- 
grams, the differences in the annual physical losses of beef and milk 
associated with each program alternative were measured from the levels 
of losses projected for the "base program" alternative. These annual 
differences in losses were then used as "supply shifters" in the pro- 
duction of beef and milk to determine new equilibrium prices, using a 
wee of the USDA "Cross-commodity Feed-Grain-Livestock-Wheat 
Model". 


We are now in position to estimate "net social gain" or bene- 
fits in terms of changes in consumers' and producers’ surpluses. Al- 
though debate continues in the literature over the use of consumers’ 
and producers' surpluses as estimates of social gains, most economists 
agree that this technique is useful in assessing short-run benefits and 
costs of public policies or programs. Although this study considers a 
20-year period, producer and consumer adjustments are in terms of suc- 
cessive shifts in, and movement along, short-run supply and demand func- 
tions. Hence, estimates of both producers’ and consumers’ surpluses are 
valid components of the economic value of alternative brucellosis con- 
trol programs to society. 


The logic of consumers' and producers’ surplus due to shifts in 
the supply function for beef (for example) is illustrated graphically 
in Figure 3. Let line DD represent the demand curve for beef and line 
SS represent the supply curve for beef under the basic program. Then 
assume that the 10-year accelerated eradication program is initiated, 
resulting in an increased supply schedule, SS ;. Because prices would 


For a discussion of the economic model used, see Annex 8. We are 
indebted to Drs. L. D. Tiegen, C. Carmen and the Forecast Support 
Unit, CED, USDA for permitting use of their model. 
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Figure 3. A Grapnic 1]llustration of Consumers' and Producers' 
Surplus. 





Where: 
DD: Demand curve for beef 
SS: Supply curve for beef under "Base Program" for brucellosis 
contro] 
SS,: Supply curve for beef under "Accelerated Brucellosis 


Eradication Program" 


Tne change in Consumer surplus = area PEEP, 


The change in Producer surplus = difference between areas PSE and PSE, - 


Ba ro2 


be lowered from P to P_, consumers would increase beef purchases from 
Q to Sit As a result, consumers’ surplus would be increased by the 
E,P 


area P . The change in producers' surplus is represented by the 


difference between areas PSE and PLE): 


Comparison of net economic benefits from the several alternative 
brucellosis programs is outlined below for each program alternative by 
years, beginning in year 1. Annual producers' and consumers' surpluses 
are estimated for cach program alternative, and these two variables are 
combined to obtain total surpluses, which is our measure of economic 
benefits. As a general rule, changes in the programs which reduce phy- 
sical losses, increase supplies of beef and milk and exert downward 
pressures on prices. As a consequence, consumers are made better off 
and producers' surpluses are usually reduced. Conversely, decreases in 
supplies of beef and milk will decrease consumer surpluses and will 
usually increase producers' surpluses. Whether total surplus (pro- 
ducers’ plus consumers' surpluses) is, on balance, positive or negative 
depends on the nature of the demand and supply functions for the com- 
modities in question. 


Annual projections of producers', consumers' and total surpluses 
are listed for each program alternative in Tables 25 through 27. Com- 
parison of the total surplus columns for the various programs shows 
that all variations of Option 2 (the accelerated program), Option 3 
(calf herd vaccination) and Option 4 (whole herd vaccination in high 
prevelance regions) yield positive economic benefits when compared to 
the base program. Jt remains to be seen whether or not these benefits 
are greater than the total costs associated with the programs. Assessing 
program costs is the topic of Chapter V. 


In Table 28, the economic bencfits of shifting from the base pro- 
gram to a no program option are outlined. Although producers' surpluses 
were strongly positive in every year under the assumption of this pro- 
gram, consumers would be made considerably worse off, so that on balance, 
economic benefits were strongly negative every year of the program. 
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CHAPTER V: ESTIMATES OF COSTS 


For purposes of benefit/cost analysis, we identify as costs 
those expenditures incurred by federal and state governments relating 
to brucellosis plus estimates of costs incurred by private operators 
due to bovine brucellosis. No attempt is made in this analysis to 
subtract out of total federal and state expenditures those small por- 
tions spent on non-bovine species. 














State and Federal Expenditures 


During the 20-year period 1956-75 state and federal expenditures 
totaled $450.6 million and $415.9 million, respectively. These costs 
are shown by years in Table 29. Federal expenditures for 1976 were 
reported at $36.8 million, while state costs were reported at $38.8 
million. 


Base figures used in projecting federal expenditures came from 
projections made by APHIS, USDA for their 10-year Accelerated Fradi- 
cation Program. Modifications from these costs were made to account 
for differences in program services and levels of infection from those 
assumed in the APHIS poiege Lon: A detailed description of the relevant 
cost components follows. 


ie rimaryvesurved| Lance 


a. MCI - All activities associated with the Market Cattle Test- 
ing Program. This includes collection of samples at slaughter, 
tracing all positive samples to the farm of origin, and the 
initial test of each suspicious herd. These costs are related 
positively to the number of cattle moving to market and to the 
number of positive reactors identified. 


b. BRT - all activities associated with collecting brucellosis 
ring test samples, tracing to the appropriate herd, and con- 
ducting the initial herd test. These costs are positively 
related to the number of dairy herds under surveillance and 
the number of positive or suspicious tests detected. 


2. Secondary Surveillance 


a. Area testing of high-incidence areas - All activities associated 
with contacting owners to line up herds for testing and the 
initial test of all herds within a geographic area designated 
for testing because of an excessive herd infection rate. These 
costs were projected by APHIS, USDA to represent their pro- 
jected area testing plans for states in Regions 3, 4, and 5 
of this study. 





————— ———- 


TThis description enlarges on information supplied by Dr. Billy G. 
Johnson, Chief Staff Veterinarian, National Brucellosis Eradication 


Program, APHIS, USDA, Washington, Dec. 
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Table 28. Federal and State Brucellosis Program Costs--1955 to 1975 


Obligations in Actual Dollars 





State and 

Near Fedoraly Cooperators Total 
1956 $ 20,185,600 > 15, 7307479 7-395 916,079 
1957 20.99.9082 15,841, 562 38,841,144 
1958 Dore Neal © 16,705,945 So eed 
L959 20, 229, 850 17,064, 961 37,294,811 
1960 16, 643,030 14,084, 256 30,728,188 
1961 19), 8 Od 2 19,888, 256 39,306,831 
1962 Wo LOO 20,439, 928 395.3 s09G 
1963 19,369, L09 21,264, 847 40,633,956 
1964 1 Pad her aere) 2257925000) 42, 303,098 
1965 20,493, 646 7a a OW Ye fr 8 P20 43,546, 468 
1966 20, 585, 003 235200509 2 43,853,635 
1967 21,043,409 24,045, 848 45,089,257 
1968 21,664, 220 24,300, 640 46,464, 860 
1969 20,515,435 24,050, 909 44,606, 344 
1970 ZU LO Ts > 24,9/7,,053 46,684, 226 
1 ie L6sG3 1530 25,169,645 41,801,231 
L972 16.330, 000 25,968,802 44,507,358 
1973 21,460, 800 27,566,444 49,027,244 
1974 24,570, 758 29,653, 750 54,224,508 
E97 BLUNT AIAS 27) 34,226,047 65,006,024 

Total 415,890,421 450, 634,158 866,524,579 
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Adjacent and contact herd testing - All activities associated 
with contacting owners whose cattle are on farms adjacent to 
affected farms or whose cattle have been in contact with in- 
fected cattle, and with conducting the initial test on these 
farms. These costs are an outgrowth of the MCI and BRT tests, 


with a carry-over into years beyond the completion of area 
testing. 


Epidemiology - Review of herd histories of all affected farms 
to determine the source of the infection and to determine all 
animal movements into and out of the affected farms. Also, 
includes activities associated with tracing movements to and 
from affected farms. The level of cost category "b" and "c" is 
largely a function of the number of positive tests detected 
through all types of surveillance. 


Diagnostic Investigations - Includes field investigations of 
herds from which diagnostic specimens that may be suspicious 
of brucellosis have been submitted to laboratories or reports 
of possible affected herds as reported by county agents, ctc. 


Testing at markets - Primarily associated with paying veterinary 
practitioners to blood test all slaughter cattle being sold 
through livestock markets in certain high-incidence states. 

This "first point of concentration" testing is tied closely 

to area testing as a part of the "accelerated eradication pro- 
gram". Jt is expected to continue after area testing until 

the level of infection is brought down to a "target" level. 


Elimination of Infected Herds. The level of these costs are largely 


a function of the number of infected herds, the level of infection 
within herds and the clean up rate. 


a. 


dye 


Retests of affected herds - This includes the expenses of con- 
ducting all retests on affected herds other than the initial 
PeSite 


Tagging and branding reactors - Includes all activities associated 
with tagging and branding reactors found based on farm tests in- 
cluding the completion of all appropriate permits for movements 
and indemnity requests. 


Issuing permits and "S" branding exposed cattle - This includes 
placing a hot "S" brand on exposed cattle which are to be sold 
for slaughter and the issuance of the necessary permits for move- 
ment. 


Indemnity - Costs are influenced not only by the number of 
animals sent to slaughter, but by the per-head indemnity paid 
by the federal government. The indemnity paid by the state is 
a separate cost. 
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(1) Regular - Indemnity for reactors found as a 
result of herd tests. 


(2) Depopulation - Indemnity for exposed cattle 
in affected herds when the entire herd is 
being depopulated. 


e. Appraising and identification in herd depopulations - This 
includes appraising animals as required by the Code of Federal 
Regulations and placing identification tags and the hot "B" 
brand on all exposed cattle in herds that are being depopulated. 


Vaccination. This cost is determined by the number of herds and 
animals to be vaccinated. 


a. Calfhood - This item includes the actual expenses involved 
with the administration of vaccine. The expenses include 
the cost of administration done by regulatory officials and 
fee-basis payments to veterinary practitioners. 


b. Adult vaccination - This includes the cost of the initial 
complete herd test, identification of reactors, administra- 
tion of vaccine to all adult-negative animals in the herd, 
and follow-up administration of vaccine to replacement cattle. 


Regulation Enforcement and Inspection - This includes activities 
associated with proper identification of animals moving in commerce 
inspection of animals at livestock markets, and investigation of 
improper or illegal movements of animals. Largely, this cost is a 
function of numbers of cattle moving in the market and the level of 
concern over infection spread. 


Laboratory and Recordkeeping - These costs are mostly fixed costs, 
but increase slightly with number of infected herds and cattle. 


a. Laboratory - Includes all costs associated with conducting bru- 
cellosis tests on blood and milk samples at state and federal 
laboratories. 


b. Recordkeeping - Primarily involved with contracts with indivi- 
dual states to maintain records in the brucellosis program. 


Supplies, Equipment, Rental, etc. - This includes the purchase of 
supplies such as eartags, backtags, bleeding tubes, brucella anti- 


gen, brucella vaccines, and payments to General Services Administra- 
tion (GSA) for building rental. Again, some of these costs are 
fixed, while others vary directly with the number of tests, number 
of vaccinations, etc. 


Field Trials - This includes costs associated with either activities 


conducted by APHIS personnel or support of universities or private 
industry conducting field trials associated with the brucellosis 
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eradication program. These costs are expected to increase from 


the 1976 level and remain at a higher level until the disease has 
been eradicated from cattle in all regions of the U.S. 


9. Overhead - Includes overhead cost to support the brucellosis share 
of the expenses. This includes the Administrator's office, Deputy 
Administrator's office, the Hyattesville office, including the 
Regional Directors and the Brucellosis Staff and the area offices. 


mmo pected federal expenditures 


Projected annual federal expenditures will vary, of course, by type 
of federal program. A summary of these projections is presented in Table 


30 by years for a 20 year period starting in 1976 for the various program 
alternatives. 


Federal costs for the base program option were projected to remain 
constant at the 1976 level of $36.8 million, in constant (1976) dollar 
terms. Under the accelerated program options, however, federal costs 
were projected to move up sharply to cover the cost of first point of 
concentration testing and area testing during the period when these 
activities were initiated in the model. Recall from discussions in 
Chapter IV that first point of concentration began in the model one year 
before area testing was initiated in each region. Area testing was 
scheduled as follows for each of the three applicable regions: Region 3 
in years 2 through 4; Region 5 in years 4 through 6; and Region 6 in _ 
years 6 through 8. Associated with increased costs for surveillance and 
detection, of course, are increased costs for indemnities. 


The costs for option 1 and option 2 of the accelerated program were 
identical through model year 9. Starting in year 10, however, option 1 
became slightly more costly due to two factors which were not entirely 
offsetting. First, increased costs for educational programs were assumed 
to be necessary in order to maintain a high level of program performance 
after area testing was completed. Second, the decreased levels of 
infection achieved under option 1 lowered federal program costs for 
surveillance and indemnities. It was assumed that, on balance, option 1 
cost $2.5 million more per year than option 2, starting in year 10. 


Under the calfhood vaccination options, increased federal costs were 
budgeted to cover the vaccine, tags and postage at 29¢ per head plus an 
additional 35¢ per head to cover additional federal costs associated with 
increased false-positive tests resulting from increased vaccination. 
Federal costs for vaccination increased, of course, directly as the level 
of herd vaccination increased among the three options of low level, 
medium level and high level vaccination. These federal costs associated 
with vaccination were added to the base program cost to get total federal 


program cost. 


The same logic and per/head cost used in projecting federal cost 
with calfhood vaccination were used, also, in projecting federal costs 
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for the whole-herd vaccination options, with one addition. A charge of 
$2.50 per head was added to cover the cost of required testing prior to 
adult vaccination. Although it is technologically possible to achieve a 
high level of herd vaccination in one year using full-herd vaccination, 
the model assumed that three years would be required to reach the low _ 
level (39.5%) of herd vaccination, four years to reach the medium level 


(74.5%) and five years to reach the high level (90%) of herd vaccination 
in all three regions. 


Projected state expenditures 


Under the cooperative state-federal brucellosis program, states are 
required to contribute at least 40 percent of the total state-federal 
expenditures under the program. In accounting for expenditures, states 
are permitted to include all identified costs of private operators. Not 
surprisingly both the accounting standards and the kinds of private 
operator costs included in state-reported cxpenditures vary substantially 
among states. Moreover, great variation exists among states, and within 
some states from year to year, in the types of programs supported by 
state funds and the levels of state funding for these various programs. 
Consequently, identifying and projecting state expenditures separately 
from producer costs based on reported data cannot be precise. 


Our purpose is to account for all costs and still avoid double 
accounting. We are less concerned, at this moment, with whether the cost 
is borne by the state or private operator. This is not to say that the 
question of who pays particular costs might not be vital to the success 
of a particular practice such as vaccination, for example. But our 
present interest is in accounting rather than management and politics. 


A summary of the projected state costs is presented in Table 31 by 
program alternative. State costs for both the base program and accelerated 
programs were projected at 66.7% of the federal costs each year for each 
of these programs, respectively. This ratio permits states to meet the 
40 percent - 60 percent state-fedcral funding requirement. State costs 
for the various vaccination options for both calfhood vaccination and 
whole-herd vaccination, include 66.7% of the federal costs for the base 
program plus a $2 per head charge to cover veterinarian charges for 
vaccination. Above, although this cost will likely be paid by individual 
producers rather than state governments, it is usually reported as a part 
of state costs and was included as reported state expenditures in Table 
31. 
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Producer Costs 


Producer costs associated with the the state federal brucellosis 
programs which are not included in the projections of state expendi- 
tures include added costs for labor, machinery, fuel, etc., for extra 
assembling and working cattle in connection with vaccinations and test- 
ings. Since data on the magnitude of these costs were not available, 
questions were included in the survey questionnaire mailed to a random 
sample of producers in selected states representing the eight regions. 
Based on this survey information, producer costs other than for vaccine 


and veterinary expenses are estimated separately for beef and dairy 
producers. 


Beef producers 


The costs per head to beef producers for the added labor required 
to handle the beef herd for vaccinations and testing varied consider- 
ably depending on herd size, as indicated in Table 32. However, when 
corrected for differences in herd size, there were few significant 
differences among regions. Producers reported that separate roundups 
had to be made for 40 percent of the vaccinations. Thus, the producer 
cost for vaccinating an animal in a 75-cow herd is estimated at 
eoeoo er C. 40) (90.92) "= $1702. 


Table 32. Beet Producer Labor Costs per Head, by Size of Herd, 1976 


Herd Size For Vaccination For Roundup 
(per roundup) 





119 $1.80 Sa EO) 
20— 49 Ibe 1.00 
US ek aes) e92 

TOUO-—199 - 68 92 
200-499 55h) rele 
500-999 24 -63 
1000 or more gee) 44 
Average $0.35 $0.76 


ee a ee 


Where producers already had corrals, chutes and presses for eas 
cattle, no additional costs were assigned for equipment. However, ai 
producers reported having to rent portable chutes and a chute press an 
to hire the use of other equipment--including helicopters in some 
instances--to work their cattle for brucellosis testing. The average 
cost per head for all herds was $0.49 per head per test. Slee rcs 
expected, the costs also varied inversely with size of herd as shown 


Table’ 33% 
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Table 33. Total Costs for Equipment per Roundup, Beef Operations, 
by Herd Size and per Head, United States, 19761 


Herd Size Dollars per Dollars per 
(Herd) Herd Head 
l- 19 10.11 65 
20- 49 LS YO2 45 
50- 99 28.47 ~43 
100-199 52.44 -40 
200-499 ANTE} -40 
500-999 126.96 $37 
1000 or more Dee 526 
Average To.33 49 








The average number of tests required to clear up an infected herd 
varies by herd size and by year of quarantine as outlined for both beef 
and dairy herds in Table 34. The data in Table 34 were estimated from 
preliminary data supplied by regional epidemiologists in the southeast 
regions and from data collected in our own survey of states in each 
region. Labor and equipment costs for testing were estimated by multi- 
plying the relevant costs per head listed in Tables 32 and 33 for the 
appropriate herd size by the relevant number of tests per herd for that 
herd size as shown in Table 34. To illustrate, the per-head costs for 
labor and equipment for a 75-cow operation which cleaned up in the 
first year of quarantine would be estimated at: 


45D (SO°925+ 0243) <=856.08 


Where 4.5 is the average number of herd tests required to clean up for 
herds in the 50-99 herd-size that cleaned up the first year (from Table 
34); $0.92 is the average per head labor cost per test for herds of 
this size (from Table 32) and $0.43 is average per-head equipment 
rental cost per test for herds of this size (from Table 33). 


Dairy Producers 


We assume that producer labor costs for vaccinations estimated 
for beef herds is also reasonable for dairymen of corresponding 
herd size. Since a separate "round-up" is not needed for vaccinating 
dairy calves, this cost is ignored. Moreover, we assume that dairymen 
will not need to rent special equipment for working cattle either for 
brucellosis testing or for vaccination. The average labor cost per 
head for brucellosis testing reported by dairyment was $0.34, but 
varied by herd size as shown in Table 35. 


[peoikey 


Table 34. Number of Tests Required to Clean-up Infected Beef and Dairy 


Herds, by Year of Quarantine and Herd Size, Herds with Less 
than 20 Percent Vaccination Level 


eae ee ep wreeeetian | respssas aisio= wees 








Type of herd 








and herd size =f : Year of Quarantine 
pica a el 2 3 
er La ae 
at aa a Number of tests ------------------- 
Beef: 
L- 19 325 Hes 0 
20 - 49 4.0 2.0 1y5 
50 - 99 eens) 2 aC) 2.0 
100 - 199 520 Sean Pgs 
200 - 499 55 4.0 3.0 
500 - 999 6.0 Ae SS 
1000 or more 6.0 Dis) “a) 
Dairy! 
Leer9 4.0 224) 0 
20 - 49 4.5 ens. 250 
50 - 99 520 Bret) 2D 
100 - 199 550 ae) 30 
200 - 499 650 ery 355 
500 - 999 Gas ate 4.0 
1000 or more 6.5 se (aha 








1 . ; 
The total number of tests required to clean-up infected beef herds can 
be estimated as follows using herd size 1-19 as an example: 


(1) The number of tests for herds cleaned-up during the first year of 
quarantine for herd size 1-19 = (clean-up rate during the first 
year of quarantine) (number of infected herds in first years of 
quarantine) (3.5), and 


(2) number of tests for herds cleaned-up during the second year of 
quarantine for herd size 1-19 = (net clean-up rate during second 
year of quarantine) (number of infected herds in second year of 
quarantine) (5). Herds cleaned up during the second year of quaran- 
time undergo a total of 5 tests for herd size 1-19. This repre- 
sents 3.5 tests during the first year of quarantine and 1.5 tests 
during the second year of quarantine. The same methodology was 
used for computing the total number of tests for other herd sizes 
by year of quarantine. Adjustments or decreases in the number of 
tests required to clean-up infection as a result of vaccinal ef fec- 
tiveness was .95 for 20 to 59 percent herd vaccination levels, .80 
for 60 to 89 percent vaccination levels, and .55 for 90 percent or 
higher vaccination levels. 
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Table 35. Producer Labor Costs per Head for Testing Dairy Cattle 
for Brucellosis, by Herd Size, 1976 





Average cost per head 





Size of Herd per test 
1- 19 $0.54 
20- 49 .90 
50- 99 46 
100-199 44 
200-499 cot 
500 or more ye): 
Average $0.34 


MO tau producer costs 


A summary of projected producer costs is presented in Table 36 
for the several program alternatives. Producer costs under the base 
program varied with the number of cattle tested. ‘The number of cattle 
tested is influenced by herd size, the number of herds under quarantine 
and the number of tests required to clean-up infected herds. Base 
program producer costs included costs associated with labor, equipment, 
fuel, etc. for extra assembling (roundups) and testing of cattle for 
brucellosis and are shown in Tables 32 and 33. 


Under the accelerated program series, producer costs varied ac- 
cording to the number of cattle included in the area testing programs 
and the number of cattle and tests associated with quarantined herds. 
Producer costs were similar for the accelerated-1l and accelerated-2 
options except that the number of infected cattle increased in the 
latter part of the accelerated-2 (starting in year 10) relative to the 
accelerated-1l program. Producer costs associated with roundups and 
testing of quarantined herds consequently were higher for the accelerated- 
2 program. 


The two major producer cost items affected by calfhood vaccination 
responded inversely as the herd level of vaccination increased. On 
the one hand, costs associated with vaccination increased directly as 
the number of animals vaccinated increased. On the other hand, the 
number of infected cows tended to decrease as herd levels of vaccination 
increased, which, in turn, decreased producer costs associated with 
roundups and testing of quarantined cattle. However, decreased costs 
for testing were not proportional to the increases in vaccination 
levels because the number of "false positives" were projected to 
increase as the level of vaccination increased. On balance, total 
producer costs increased as vaccination levels increased. 


Producer costs for the whole-herd vaccination programs were in- 


fluenced by labor and equipment costs associated with roundups and 
testing for adult vaccination, by roundups and chute-work to process 
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suspected and/or detected infected cattle, and by roundups and chute- 
work for calfhood vaccination. Although producer costs associated 

with roundups and chute-work for quarantine testing tended to decrease 
as vaccination levels increased, this was offset by increasing producer 
costs for roundups for testing prior to adult vaccination, and by 
roundups and chute-work for calfhood vaccination. The net results 

were that total producer costs increased as whole-herd vaccination 
levels increased. 


A Summary and Comparison of Costs By Program Alternative 


A summary of state, federal and producer costs projected by years 
covering a 20-year period for each program alternative is presented in 
Table 37. These cost data are expressed in terms of 1976 dollars. 
They will be used in Chapter VI in computing benefit/cost ratios and 
other economic criteria. 
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CHAPTER VI: BENEFIT COST RATIOS 


Projections of the economic benefits associated with selected al- 
ternative brucellosis control programs were presented in Chapter IV. 
These costs were expressed in terms of 1976 dollars. Projections of 
costs (including state, federal and producer costs) associated with 
each program were presented in Chapter V. These figures were also ex- 
pressed in terms of 1976 dollars. We are now in position to make an 
economic evaluation of the program alternatives under consideration. 


Three alternative economic criteria are used in comparing alterna- 
tive policies or programs: 


(1) Benefit/cost Ratios, which are calculated by dividing the pre- 
sent value of the projected change in benefits over the relevant plan- 
ning horizon (20 years in our model) by the present value of the projec- 


ted change in costs; 


(2) ‘The Net Present Value, which is calculated by subtracting the 
present value of the projected change in costs from the present value 
of the projected change in benefits; and 








(3) The Internal Rate of Return (T.R.R.), which is defined as the 
rate of discount, which will make the present values of the projected 
stream of benefits just equal to the present value of the projected stream 


Off costs. 





The present value of I.R.R. criteria will always give the same eco- 
nomic ranking of alternatives. However, it is quite possible to obtain 
a different economic rating if benefit/cost ratios are used. This is 
particularly true when changes in costs from the base program may be 
small or even negative, as is the case in this analysis, as we shall 
see. As a consequence, the benefit/cost ratio is an inferior criterion 
for making economic evaluations of alternative policies. However, be- 
cause the Commission has been charged with making a benefit/cost analy- 
sis, we have used two measures: the benefit/cost ratio and the present 
value of net benefits. 


The following procedure was used in making the economic evaluation. 


First, both annual benefits and annual costs were converted from 
"1976" dollars to "current year" dollars using an assumed 5 percent an- 
nual rate of inflation. 


Second, to place the benefits and costs on a common time pattern, 
the projected annual data were converted to present value using a 9.0 
percent discount rate. The accumulated present value of projected 
changes in benefits for each program alternative, relative to the base 
program, is listed by program alternative in column 1 of Table 38, while 
the present values of accumulated costs are shown in column 2. 





Balbo 


Third, the program cost for the base program was entered in column 
3 of Table 38. This figure was then subtracted from column 2 to get 
marginal program cost for cach alternative, which is listed in column 4. 





Fourth, the marginal benefit/cost ratio was calculated by dividing 
the change in benefits by changes in costs. (Column 1 = column 4). The 
marginal benefit/cost ratio is presented in column 5. The net present 


value of each alternative (column 1 minus column 4) is shown in column 
6 under the heading "net benefits." 


Table 39 lists the order ranking of the several program alterna- 
tives according to four criteria all taken from Table 38: (1) the pre- 
sent value of the change in benefits (column 1), (2) the present value 
of program costs (colum 2), (3) the benefit/cost ratio (column 3) and 
(4) the net present value (column 4). A comparison of these separate 
rankings provides an insight into the contributions which each of these 
program alternatives might make toward a total program of control leading 
toward local eradication, although only the latter two criteria are 
considered, by themselves, to provide a ranking useful for policy con- 
siderations. Keep in mind throughout this discussion that each compari- 
son represents the movement from the base program to the particular pro- 
gram alternatives being compared. 


From these calculations, and within the limits of ability of the 
model to simulate outcomes, several generalizations can be made: 


Vaccination (both calfhood and "whole-herd") superimposed on the 
base program in the selected regions, was found to be effective in re- 
ducing physical losses. Moreoever, the level of herd vaccination is 
strongly and positively related to economic benefits. In this analysis, 
calfhood vaccination generated more benefits than did whole-herd vaccina- 
tion. This is true however because, in the model, whole herd vaccination 
was applied, in addition to the base program, only in the three high 
prevalence regions, while calfhood vaccination was applied in all regions 
except 1, 2 and 8. It must be understood that in region 8, and in some 
states in region 1, present vaccination levels are already at or higher 
than the medium level. furthermore in regions 1, 2 and 8 prevalence 
is already low, so it would be inappropriate to generalize the extent 
to which benefits would be increased still further by extending these 
vaccination levels to all regions. 


When ranked according to program costs, with the lowest cost alter- 
native ranked first, the order is somewhat reversed from the previous 
ranking, with the "no program" alternative well out in front, having zero 
costs. High-level calfhood vaccination, on the other hand, ranked lowest. 
An important deterrent to high-level vaccination, of course, is the high 
level of program costs which continue indefinitely into the future. The 
calfhood vaccination options ranked below the corresponding level of 
whole-herd vaccination because of the greater area covered by calfhood 
vaccination. 


In terms of the benefit/cost ratios, the whole herd vaccination al- 
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Table 39. Ranking of Program Alternatives by Selected Criteria 


Change Benefit/ 
in Program Cost Net 
Benefits Costs Ratio Benefits 
(Column 1 (Column 2 (Column 5 (Column 6 
Program of of of of 
Alternative Table 38) Table 38) Table 38) Table 38) 
ao nn == (Rank) -------------------=-------- 
Accelerated 
Option lL 7 7 6 ih 
Accelerated 
Option 2 8 6 7 8 
Calfhood 
Vaccination 
Low-Level 5 5 4 6 
Calfhood 
Vaccination 
Medium Level 2 8 5 4 
Calfhood 
Vaccination 
High Level 1 9 8 5 
Whole-herd 
Vaccination 
Low Level 6 2 2 3 
Whole-herd 
Vaccination 
Medium Level 4 3 1 1 
Whole-herd 
Vaccination 
High Level es 4 3 4 
No program 9 1 9 2 
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ternatives ranked highest, with the medium-level option first and the 
low-level and high-level following somewhat behind but close together. 
The low-level and medium-level calfhood. vaccination options came in 
fourth and fifth, respectively, followed in order by accelerated pro- 
gram 1 and accelerated program 2. The high-level calfhood vaccination, 
which ranked first in terms of total benefits, ranked 8th in terms of 
the benefit/cost ratio. 


In terms of net benefits, the order again changed just a little. 
The only significant change, however, was that the high-level calf- 
hood vaccination option moved up from 8th to 5th, while low-level calf- 
hood vaccination dropped from 4th to 6th. These changes point out a 
weakness of the benefit/cost ratio. When marginal costs are low, a very 
modest adjustment in either costs or benefits can change the benefit/ 
cost ratio substantially. 


Again, it should be pointed out that it is inappropriate to genera- 
lize the value of the added program variable "whole herd vaccination" 
which was modeled in three high prevalence regions to the entire country. 
We specifically did not model this alternative in all regions, first, be- 
cause it would be of questionable epidemiologic value broadly applied in 
the low prevalence regions, and secondly, because it would be extremely 
COSELYy . 


The very favorable ranking of the whole-herd vaccination options, 
combining, as they did, herd testing, holds considerable promise of an 
approach that could materially reduce the level of herd infection in 
the high prevalence regions, once this practice has been approved and 
adopted. However, the medium-level of herd vaccination (60-89 percent) 
for any region is higher than can reasonably be expected based on his- 
torical performance records and current producer attitudes. 


The results of this computer simulation strongly support the pro- 
position made in Section 6, that losses can be greatly reduced by a 
combined strategy of judicious selection of herds in the high preva- 
lence areas for whole-herd vaccination, combined with elimination of 
reactors on the basis of improved application of diagnostic criteria. 

It seems likely that both program and producer costs can be minimized, 
while herds and areas progress toward local eradication, if selection 
of both the infected and noninfected herds at high risk is focused on 
those where epidemiologic evaluation indicates greatest potential of 
spread of infection because of geographic proximity or trading patterns. 


Although the difference in net benefits and benefit/cost ratios 
between accelerated programs l and 2 appear tobe relatively small, they 
merit comment. Recall that the basic difference between these two op- 
tions was that in option 1 the high level of program performance 
achieved during the period when area testing and first point of concen- 
tration (FPC) testing were taking place was assumed to be maintained in- 
definitely into the future. In option 2, on the other hand, program 
performance was assumed to drop back within two years after FPC ceased, 
to the level which prevailed in the region prior to when area 
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testing began. The higher performance level in the first option is 
manifest in a flow of benefits with a present value which is approximately 
$80 million higher than for option 2. At the same time, the present 
value of the two cost streams differ very little. However, more of the 
costs under option 1 represents educational and training programs designed 
to maintain a high level of program participation and performance. In 


option 2, more of the costs were attributable to the higher levels of 
infection. 


A comparison of both the relative magnitude and time patterns of the 
accumulated present value of the "streams of net benefits" associated 
with different programs can be seen more readily in Figure 4, which 
compares accelerated program options 1 and 2 and the medium level of both 
the calfhood and whole-herd vaccination programs. The early economic 
advantages offered by testing and whole-herd vaccination in selected high 
prevalence areas is indicated. On the other hand, the early, short-run 
cost of the accelerated program is such that a planning horizon of nearly 
12 years is required in order for that program to "break-even," after 
which rapid economic rewards are shown -- especially for option 1. 
However, in the absence of any additional programs such as increased vac- 
cination, other than one-time area testing in high prevalence areas 
infection is projected to stabilize after about 17 years. The fluctuations 
in accumulated benefits manifest in these programs result from the 
interactions of the epidemiologic assumptions, the cattle cycle and the 
exogeneous cconomic variables built into the economic model. The fact 
that accumulated net benefits declined during the last year or two under 
all modeled options warrants further testing to see if this phenomenon 
merely represents a temporary cyclical downturn, or signals a possible 
turning point where projected costs finally overtake projected benefits. 
Within a planning horizon range of 12 to 18 years, however, the answer, 
as projected in this study, clearly shows that each program alternative 
promises prositive net benefits when compared to the base program. 


It might be insightful to look at the consumer and producer sectors 
using consumer surpluses and producer surpluses separately. This information 
is shown in Table 40. These data clearly show which sectors lose and 
which gain from brucellosis control programs. In general, those programs 
which reduce infection and thereby increase supplies of beef and milk, 
lead to lower commodity prices which benefit consumers. Consider, for 
example, which groups gain or lose the most by shifting from the base 
program to a high level of whole-herd vaccination. This analysis indicates 
that consumers would be made better off by more than $2.0 billion over 
the 20-year program, representing a return of more than $i4 on every 
dollar invested. However, producers would be made worse off by more than 
$1.2 billion over this same period, representing a loss of more than $8 
to producers for every dollar invested in the program. 


On the other hand, the benefit/cost ratio to producers is very high 
under the "no program" option owing to the high beef and milk prices that 
result from the heavy physical losses with no program. Clearly, those 
producers who can escape the ravages of this disease stand to gain the 
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COMPARISON OF NET BENEFITS FOR 
SELECTED PROGRAMS BY YEARS 


FIGURE 4 
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most in the absence of any government programs. But under this option in 
the model, national infection rates would rise in the 19th year to ap- 
proximately 45% of dairy herds and 70% of beef herds, so that individual 
producers would have to make substantial efforts to maintain their herds 
free of infection. They would also have to deal with the uncertainty 
imposed by the threat of infection. Those producers who could not 
maintain herds free from infection would be hard pressed to compete. At 
the same time, in the absence of any government program, the losses in 
product would be translated into substantial costs to the consumer. The 
high negative benefit/cost ratio suggests that for every dollar saved by 
the elimination of even the base program (which merely maintained in- 
fection at the prevailing level) would result in a loss to consumers of 
about $26.00. 


Remember that this analysis did not include the economic benefits 
associated with improved human health attributable to lower levels of 
bovine brucellosis infection. Nor did it give consideration to reduced 
pain and suffering associated therewith. Furthermore, for want of data 
on which to base estimates, economic benefits accruing to producers from 
greater freedom of movement of livestock associated with diminished 
levels of infection were also ignored. An important benefit to individual 
producers from control programs leading to local eradication of brucellosis 
would be the reduction and final elimination of these important risks. 


The reader should again be cautioned that this analysis was based on 
estimates of both herd infection levels and physical losses requiring 
judgements on matters where data and knowledge were limited. Although 
the Commission went to great length to gather information from all known 
sources, and tried to be as realistic as possible in making estimates, 
the final benefit/cost ratios and net benefits could, in the real world, 
vary somewhat from those presented. However, the analysis indicates that 
errors within a range of plus or minus 50 percent would not alter the 
conclusions that positive economic returns can be expected from dollars 
invested to move from the base program by the addition of any one of the 
activities comprising the brucellosis program alternatives considered in 
this study. Moreover, the fact that the "no program" alternative ranked 
so dramatically low in terms of both the benefit/cost ratio and net 
benefits, leaves no question about the positive economic benefits of the 
cooperative state-federal program - even as it existed in 1975-76, when 
compared to having no program. 
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ANNEX 1 


THE SIMULATION MODEL AND BASIC DATA INPUTS 
The Beef_and Dairy Simulation Model 


The basic model (NBTC model) used to measure the impact of various 
brucellosis policy alternatives upon the spread, control and/or eradi- 
cation of brucellosis upon the beef and dairy sectors of the cattle in- 
dustry in the United States was a computer simulation model. A flow 
diagram of this model is shown in Figure 2. 


The NBTC model determined simultaneously the effect of various 
policy alternatives upon the beef and dairy sector and was structured 
such that the disease was transmitted among and between beef and dairy 
herds in approximately the same manner as presently occurs within the 
cattle industry. In addition, the model was designed such that infected 
and detected herds could be placed in a "quarantined" status while un- 
detected infected herds remained on a non-quarantined status. The sub- 
division of infected herds into quarantined and non-quarantined herds 
has a major impact upon physical losses, spread of the disease, and 
clean-up rates. 


Some of the major mathematical components of the NBTC model which 
may require further elaboration are (1) the Probability of Detection, 
(2) the Double Binomial, and (3) the Neighborhood Spread Formula. The 
functions and mathematical components of these items are described as 
follows: 


The Probability of Detection 


To calculate the number of newly quarantined herds in the beef 
population, the probability of undetected infected herds being detected 
has to be estimated. These detection probabilitics were calculated by 
an approximation of a hypergeometric distribution.1/ Detection proba- 
bilities varied by region, herdsize, year of infection, cull rate cycle, 
MCI rate and level of vaccination: 

ie S 


n of a hypergeometric distribution consult 
Regulatory Statistics, 5th edition, APHIS, Veterinary Services, Ani- 
mal Science Dept. of Agriculture; June, Loose Part TII, OR Cochran, 
W. G. (1963). Sampling Techniques, 2nd edition, John Wiley & Sons, 
Ines, New York, pp. 59-57. 


Vror a detailed descriptio 


where 
DP = detection probability 
A = number of cows culled 
I = number of infected cows culled 
S = number of cows culled under survelliance system 


For example, in the base program, the detection probability of an 
undetected infected herd in the second year of infection located in 
region 1 for herdsize 20 - 49 is calculated below. Detection probabi- 
lities were used in combination with the quality control factor for 
that region in determining the number of newly quarantined herds each 
year. 


Given: 


Region lL 

Gull tRate CCR). = 220 

Infection: Rate -Year 2) GIR). =\.30 

Average Cows in 20 - 49 herdsize group (AC) = 29.2070 


MCI = .70 
where 
hau=sACGXeCR 
Te=nACGexeCRex, LR 
S = AG®x.CR x sMCI 
Therefore 
A = 5.84140 
1 EON ay Bow a Ae? 
S = 4.08898 
pp = 1 — (0:84140 = 1.75242 - 4.08898/2 + .5 ) 4.08898 
5.84140 - 4.08898/2 + .5 
DP* =" =e L736 


DP = .88264 


The Double Binomial 


A double binomial was used to simulate the spread of the disease 
through the purchase of infected replacements.2 Due to the nature of 


2/ 


— For elaboration on the double binomial, see Beal, Victor J., The 
Use of the Double Binomial In Animal Disease Work, APHIS Working 
Paper, U.S. Department of Agriculture, October, 1971. 


the cattle industry, parameters, p, s, q, mand n, defined below were 
necessary for calculating the double binomial which is defined as: 


] 


n 


= 
! 


| ( q im ps" ) 


where 


p = Number of cows in infected herds in the region 
Total number of cows in the region 
q = Number of cows in brucellosis free herds in the region 
Total number of cows in the region 


ome __ ‘Total number of infected cows in region 


Total number of cows in infected herds in region 





n = Number of sources from which replacements were purchased 


m = Number of replacements purchased annually 
Number of sources 


Parameters p, s, and q were dependent on the number of undetected 
infected cows and herds in the region. Therefore, p, s, and q changed 
from year to year as the undetected infected population expanded or 
contracted. 


Parameters m and n were calculated in the initial year of the 
model by region and herdsize group. M and n were held constant for 
the rest of the years of the stimulation. 


The double binomial was modified in order to allow for inter- 
regional movement of breeding stock. Each region had a certain pro- 
bability of purchasing from within their own region and each of the 
seven other regions. Regional purchase probabilities are discussed in 
a later section of this Annex. These probabilities always summed to 1 
for any given purchasing region and were held constant throughout the 
simulation. 


LL = 1,8 Regional 
PP = y. [C Purchase ) 


(4) aC Cars 9”) 
Probability 


Winer 


The probability of a region purchasing one or more infected 
replacements 


32) 
rS 
i} 


Nel 2=speciesy (eler beef, 2 = dairy) 


i = 1, 8 purchasing regions 
LL = 1, 8 regions from which replacements are purchased 
j = 1, 7 herdsize groups 


To arrive at the number of newly infected herds, the probability 
of a herd purchasing one or more infected replacements by herdsize and 
region was multiplied by the number of clean herds in that herdsize 
group and region. 


= ‘TWA 
See Ags 22 NOU 


where 


NI = number of newly infected herds 


PP = probability of purhcasing one or more infected replacements 
NCLEAN = number of clean herds in the region 

h = 1, 2 species 

i = 1, 8 regions 

j = 1, 7 herdsizes 


Neighborhood Spread 


The second method in which a clean herd could become infected was 
through contact with a neighboring infected herd. The first step in 
determining the number of newly infected herds through neighborhood 
spread was to calculate the weighted total infected herds. A quaran- 
tined herd was assumed to have one-half the spread of a first year 
undetected infected herd (equation 1). 


The newly adjusted undetected infected herds were then weighted 
by their year of infection and totaled over herdsize, year of infection 
and species for the region. (equation 2). 


DES TIERS PAs Fa TAS) 
1) Sse = y 2 QUAR Tak 
L k 
Dees, 2 SL keels 
= , ? I 
ze) ce > CN tte WIN hike 
h j K 
where 
INF = undetected infecti.l herds 
QUAR = quarantined infected herds 
T = total weighted infected herds INFR, sk 
WINF = weighted infection rate where WINE, ik = Ine. 


hi2 


INFR = within herd infection rate 
i = 1, 8 regions 

j 1, 7 herdsizes 

k 1, 3 years of infection 
L=1, 3 years of quarantine 

h = 1, 2 species 


Newly infected herds due to neighborhood spread were then cal- 
culated by multiplying the weighted total infected herds (T ) by the 
probability of a herd becoming infected (NS) which varied by region 
and species. These newly infected herds were distributed to the 


ansee groups on the basis of their weighted population proportions 
WPP). 


INF = T 
Hiya ieee Nee AMEE 


where 


NS = neighborhood spread factor 
INF = undetected infected herds 
T = weighted total infected herds 


WPP = number of herds by herdsize group and species in region 


Total number of herds in region 


» 2 species 
,» 8 regions 
» 7 herdsizes 


1 
=] 
=] 

1, 3 years of infection 
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Basic Data Inputs 


In order to provide as much detail and realism as available data 
permitted, the United States was sub-divided into eight regions in the 
NBTC simulation model as shown in Figure 1. The basic data inputs in 
the model for the beef and dairy sector, for each region, included 
(1) the number of herds by herdsize, (2) the average number of cows 
per herd by herdsize, (3) the proportion of replacement purchased, (4) 
the source ration or the number of herds from which replacements were 
purchased, (5) the regional purchase probability, (6) the numbers of 
infected herds, (7) infection rates, (8) clean-up rates, (9) neighbor- 
hood spread, (10) cull rates, (11) MCI and BRT rates, (12) a regional 
quality control factor, (13) residual infection rates, and (14) vaccinal 
protection effectiveness. The detailed data for each of these input 
items are as follows: 


The Number of Herds by Herdsize 


The NBTC model used numbers of herds by herdsize as the basic in- 
put units because (1) beef and dairy herds are the units most often 
quarantined, when detected, and (2) data on a herdsize basis were avail- 
able. The proportion of herds, by herdsize, for the United States beef 
and dairy cow sectors were derived from the 1974 Census of Agriculture, 
Volume 1, State and County data and aggregated on a regional basis for 
this study. The number of operations with cattle and milk cows for 
1975 and 1976, by state, were obtained from CATTLE, LvGn 1 (1-78) as 
reported by the Statistical Reporting Service, U. S. Department of 
Agriculture, January 30, 1978. The number of operations with cattle 
were adjusted by the proportion of beef operations with cows as re- 
ported by the 1974 Census of Agriculture to reflect only operations 
with beef cows. The estimated number of beef and dairy herds, by herd- 
size and region, using the above data sources are shown in Tables Al.1 
and Al.2, respectively. Further, regional epidemologists and others 
associated with the dairy industries reported that many of the reported 
dairy herds in herdsize 1-19 in all regions and herdsize 20-49 in re- 
gion 4 were used for beef production rather than dairy production. The 
number of beef and dairy herds shown in Tables Al.1 and Al.2, there- 
fore, reflect the primary productive use of cows regardless of beef 
or dairy breeding. Consequently, the proportion of dairy herds in 
herdsize 1-19 transferred from the dairy sector to the beef sector by 
region, were: region 1, 50 percent; region 2, 50 percent; region 3, 

90 percent; region 4, 90 percent; region 5, 75 percent; region 6, 33 
percent; region 7, 67 percent; and region 8, 90 percent. In addition, 
75 percent of the dairy herds in herdsize 20-49 in region 4 were trans- 
ferred to the beef sector to reflect primary productive use. 


The average number of beef and dairy cows per herd, by region and 
herdsize, are shown in Tables Al.3 and Al.4, respectively. These data 
also reflect the primary productive use of cows regardless of breed. 
The final beef cow inventory numbers by region for 1975-76 were as 
follows: 


Region Beef Cows Dairy Cows 
Bie SS {Gad eae eee 

1 pede Wl tes AOS 5, 682,968 

2 1,889,048 429,065 

3 6,746,417 760, 688 

4 Ia ep bests RS) S125 215 

5 11,425, 348 665,726 

6 Ilejeh eye et, 1,194,172 

7 Goold, 990 672,830 

8 1,242,825 793,586 









Total 


Table Al.1. Estimated Number of Beef Cow Herds, by Region and Herdsize, United States, 1975-76 


Herdsize (Head) 
1000 


1-19 


178,851 


68,587 


162,152 


8,540 


121,965 


104,888 


48,355 


105/58 


704,096 


20-49 


70,252 


4,184 


2,267 


94,489 


18,479 


32.0 


344,281 


50-99 


22,549 


1,986 


34,838 


46,484 


12,854 


1,680 


IS rhs, 


100-199 


14,402 


18,016 


9,423 


OT 






200-499 


2e310 


(ae 


6,494 


D0) 


6,364 


916 


500-999 


268 


227 


15.204 


589 


1,493 


Sas! 





or more 


1 


51 


200 


476 


170 


Sy fe) 


aa} 


Total 


243,927 


97,788 


265,074 


Tos 952 


261,696 


2/05 223 


97,543 


135351 


132715504 


2 es ee ee 


Table Al.2. Estimated Number of Dairy Cow Herds, by Region and Herdsize, United States, 1975-76 





Herdsize (Head) 


i 





Region 1=19 20-49 30299. 100-199 200-499 500 or more Total 
Te eg age aa lg a lg a ee HG Xi Sa a ar a 

1 $5; 590 88,656 30, 607 4,783 a91 Zi 158,254 
z 13,428 2,614 2,108 SJR) os atl 1952/3 
3 4,328 6,948 Si ake 1,443 363 29 16, 869 
4 250 14 97 149 189 214 703 
5 7,542 2,654 3,483 126 374 46 Sepa sy as, 
6 SU eo7 13,739 5,683 906 120 3 Del oD 
7 HERE) By 0 7 2,746 1,244 419 ep 16,042 
8 NS, 420 481 829 ies 2 362 3,463 

Total 97,654 123,052 48,963 HEED) Spyblee 785 286,174 


Table Al.3. Average Number of Beef Cows Per Beef Cow Herd, by Herdsize and Region, United States, 
1975-76. 





Herdsize (Head) 








1000 


Region Lge) 20-49 50=99 100-199 2090-499 500-999 or more 





Sa ek wa ae ts sok ES Head —--—-—- a rrr nm 
is es: 20 2L 64.45 126253 268.30 613.82 1,264.33 
2 food 222 65.36 127.42 237.08 S692 1,652.54 
3 8.04 29509 65.71 V2. 99 270.42 O21Go. 1, 85/290 
4 i253 30.72 66.51 133.44 2592), 677.91 2000; 29 
5 8.90 30.64 66.53 130.74 283.74 637 502 2,000.08 
6 9.63 Sue hS) G7aug T2913 270.83 644.32 L552 3614 
i 6.34 Shhlees S19) OlwEZ 136.04 291.32 676.81 7 o02CL 


8 6.41 31.02 68.28 13 eas 23252 667.17 LO832.02 
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Table Al.4. Average Number of Dairy Cows Per Dairy Herd, by Herdsize and Region, United States, 1975-76 







Herdsize (Head) 
Region 1-19 20-49 50-99 





100-199 200-499 500 or more 





a a en a Her dn a ee rn 
1 7.47 Skee 6, 61.88 eee 249.28 6/5522 
2 Zar 1. 32.03 66.06 123590 Z5L.33 618.64 
3 Be 305s 64.74 124.49 248.61 FOL .21 
4 203 58 end) 67.85 132. 69 314.26 1,053.40 
5 2.47 32.34 66.83 123.88 260.17 916.63 
6 4.75 ZO 9G 61.61 116590 253.94 DIL. 20 
V Petes Sie 65.79 125.80 274.61 Pele re 


8 2.94 52.00 67.60 Be Oe $02.13 849.54 
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Proportion of Herds Purchased 


Important to the simulation of a disease like brucellosis is the 
proportion of the herds that are purchased annually. This information 
was derived from the 1969 Census of Agriculture, Volume V, Special Re- 
ports, 1971. The proportion of herds purchased varied by beef and dairy 
herds and by region as indicated in Table A1.5. 


The Source Ratio 


The source ratio or the number of herds from which replacements 
are purchased is a significant variable in determining the spread of 
brucellosis. These data, which were obtained through a questionnaire 
to a random sample of beef and dairy producers in the eight regions in 
the model, are shown in Table Al.6. 


Regional Purchase Probability 


In addition to the source ratio, the proportion of purchased cattle 
obtained from various regions throughout the United States by beef and 
dairy producers is important in the spread and/or reintroduction of 
brucellosis within and among regions. The primary data source for es- 
timating the geographic source of purchased beef and dairy replacements 
was the producer questionnaire to beef and dairy operators for 1974-76. 
Other data sources included a sample of state animal health inspection 
certificates for 1975 and 1976. The estimated geographic sources of 
purchased beef and dairy replacements, by region, are indicated in 
Tables Al.7 and Al.8, respectively. 


Number of Infected Herds 


Paramount to the NBTC brucellosis simulation model was an estima- 
tion of the total number of infected beef and dairy herds in the United 
States, by region, for 1976. The number of "known" infected herds can 
be readily compiled from U.S. Department of Agriculture (APHIS) records 
for the beef and dairy sectors. However, area testing and other infor- 
mation indicates that present testing and program procedures do not de- 
tect all infected herds. Thus, the number of known infected herds, 
were adjusted on a regional basis to account for the total number of 
infected herds. This regional herd infection expansion factor was 
developed after consultation with regional epidemiologists and field 
personnel of the U.S. Department of Agriculture, practicing veternarians, 
State Animal Health Commissions, and program records. The number of 
known infected herds, the regional expansion factor, and the estimated 
number of total infected herds by region for the beef and dairy sector 


P2 


Table Al.5. Proportion of Beef and Dairy Herds Purchased, by Region, 
United States, 1969. 


Pig eS PeTre@en 0-23-33 S ee ee 
] es 1 
ae Sez 10.4 
3 6.7 LZ 2 
4 4.7 23.4 
2 res TI iS 
6 Wg? eee. 
y 2E SO) 95 
8 10.3 MSS) 


Table Al.6. 


Herdsize 
_ (Head) 


=o 


20-40 


50=99 


100=199 


200-499 


»00=999 


1000 or 
more 


The Number of Herds From Whi 
by Beef and Dairy Operators, 


1974-76. 


SE ea sae art cect SE Sl ly “th 
Dairy Cow Herds 


ee llLCow Herds” 


tho 


.86 


94 


. 20 


ei 


mb 


. 80 


vies 


ch Replacements were Purchased 
by Herdsize, United States, 


70 


-18 


.80 


87 


«OW 
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Table Al.7. Geographic Sources of Purchased Beef Herd Replacements, by Region, United States, 1974-76. 





Receiving 





Region 1 2 3 4 5 6 7 8 Total 
os ak ss! a lam eat se te cess POL CON Ca ne 
1 71807 od 1.0 ilk ee 16.4 1.4 NR 100.0 
2 5450) 5395.0 Sheet 4 cee 6 Ve NR 100.0 
3 agi es 700 we 2853 8 4 NR 100.0 
4 NR NR oe, Ow, 225 NR NR NR 100.0 
5 4 NR ah 12 89.4 inte 1a NR 100.0 
6 .6 NR te NR 8.8 ete) 225 aha! 100.0 
7 NR NR NR NR 6.0 6.0 86.5 ee 100.0 
8 Ness) NR NR NR 2.0 ei) 2953 64.3 100.0 





NR - None Reported. 
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Table Al1.8. Geographic Sources of Purchased Dairy Herd Replacements, by Region, United States, 1974-76. 





Receiving Geographic Source (Region) 
Region i. 2: = 4 5 6 7 8 Total 





hoa a aa Le Pe. ¢en (= ee 
ui 9255 BP? 520 NR NR a FL NR NR 100.0 
Z 2559 Oat Bie: NR NR wl NR NR 100.0 
3 Zun0 ol Sou 7.4 7.5 23 NR NR 100.0 
4 Joe 4.4 ho lege 4 Lez ae NR 100.0 
5 6.4 NR 4.3 NR 69.6 ANT eT, a0) je 100.0 
6 2 bare N 10.6 NR eZ qe NR NR 100.9 
7 16.4 NR NR NR 4 ae 78.8 ez 100.0 
8 “fs NR NR NR 8 4 17.0 81.6 100.0 








NR - None Reported. 
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for 1976 are shown in Tables Al1.9 and Al.10, respectively. 


MCI and BRT Surveillance Rates 


The MCI survelliance effeciency rates vary by region depending 
upon the efforts, expenditures, and program effeciency as a result of 
the combined efforts of federal, state and local governments and the 
cooperation of herd owners and others associated with the cattle in- 


dustry. 


The MCI and BRT regional surveillance effeciency rates shown 


in Table Al.1l] were developed after examining program records and after 
developing sensitivity tests to stabilize herd infection rates for the 
base model. 


These MCL surveillance effeciency rates were applied to all models 
with the exception of the Accelerated - 1 and Accelerated - 2 models. 
Tt was assumed that region 3 moved into the accelerated program by 1977 
(year 1 in the model), region 5 moved in by 1980 (year 4) and region 4 
moved in by 1982 (year 6) and that one-third of each region would be 
tested per year. This affected the MCI surveillance effeciency rates 
in®regions 3, 4;.and 4%as" foflows: 


ActelLerated (sl Model 


A. 


Accelerated - 2 Model 


As 


It was assumed that FPC (first point of concentration testing) 
began one year prior to the area testing and increased the 
existing regional MCI rates by .150. 


The MCI surveillance efficiency coefficient was increased an 
additional .0667 per year, for a total increase of .200 over 
the three years of area testing in addition to the .150 in- 
crease due to FPC. 


The MCI surveillanceeffeciency coefficient was assumed to re- 
main .100 above the levels existing prior to area testing 

after area testing was completed and remained at this high 

level throughout the remaining years of accelerated - 1 program. 


All of the above assumptions hold except that FPC remained 

in effect for two years after area testing, increasing the MCI 
surveillance effeciency coefficient by .100 above the regional 
levels existing prior to area testing. After FPC was terminated, 
it was assumed that the MCI surveillance effeciency coefficient 
dropped to the regional levels existing prior to area testing. 
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Table Al.9. Estimated Total Infected Beef Herds, by Region, United 
States, 1976. 


i Known Regional 





Infected Expansion Total Estimated 
Region ——sHerrds Factor Infected Herds 
a nr SU LECTECRHEEOS es 

Herds Expansion Factor Herds 
| U75 ay 298 
2 44 ee 75 
3 Be 055 2.8 8,544 
4 496 3.5 Loo 
5 6,748 333 22,268 
6 649 de fs) L783 
7 365 2.0 730 
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Table AL.10. Estimated Total Infected Dairy Herds, by Region, United 
States, 1976, 


Known Regional 

Infected Expansion Total Estimated 

Région aga | Herds Factor Infected Herds 
Herds Expansion Factor Herds 
1 99 123 129 
Z 2] he ye 
3 302 13 393 
4 72 i 94 
5 oe 1.3 256 
6 D3 Whe 69 
7 ae Eas) 68 
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Table Al.11. Estimated MCI and BRT Surveillance Efficiency Rates, by 
Region, United States, 1976. 


Region BRT 
Seber iwee ve dade ye aS ete a Coef ficient---------------------------- 
1 700 800 
2 PU 800 
3 Bb 25 . 800 
4 . 500 « . 800 
5 polo .800 
6 .650 . 800 
j 650 . 800 
8 . 700 .800 
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Vaccinal Protection Effectiveness 


Vaccinal protection effectiveness, which varies by herd vaccination 
levels, was developed by the Commission after exhaustive studies of 
available research data from various sources. The assumed vaccinal 
protection effectiveness, including the vaccinal protection ineffec- 
tiveness, by herd vaccination levels, are shown in Table Al.12. 


Herd In feetionyRa tes 


Estimated herd infection rates, by year of infection, were devel- 
oped for the beef and dairy sector for the existing (base) program for 
each region. These infection rates were developed from existing pro- 
gram records and upon consultation with regional epidemiologists and 
field personnel of the U. S. Department of Agriculture. Estimated 
herd infection rates within infected beef and dairy herds for the base 
program are shown in Tables Al.13 and Al1.14. Herd infection rates 
in Tables Al.13, and Al.14 were adjusted (multiplied) by the vaccinal 
protection ineffectiveness, by herd vaccination levels, shown in Table 
Al.12 to reflect infection rates for herds with vaccination levels of 
90 percent or higher, 60-89 percent and 20-59 percent. 


G lean-up Ra Ces. 


Clean-up rates or the length of time detected herds remain under 
quarantine varies by herdsize, herd density, regional management prac- 
tices, etc. The cumulative percent of quarantined herds released from 
quarantine within 12 months, 13 to 24 months, and more than 24 months 
for quarantined beef and dairy herds are indicated in Tables A1.15 and 
Al.16, respecitvely, for the base program during 1975-76. Both the 
clean-up rates in Tables Al.15 and Al.16 and the number of tests re- 
quired to clean-up herds (Table 34) were adjusted by the following fac- 
tors depending upon herd vaccination levels as follows: 20-59 per- 
cent by .95, 60-90 percent by .80 and 90 percent of higher by .55. 
Clean-up rates for undetected herds were assumed to occur primarily 
as a result of herd management culling practices. 


Community Spread Factor 


The community or neighborhood spread factor is the probability 
of herds in the same proximity becoming infected as the result of an 
infected herd. These coefficients were developed based upon consul- 
tation with regional epidemiologists, field personnel and program 
records. The community or neighborhood spread coefficients, which are 
affected by regional herd management practices, regional herd density, 
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Table Al.12. FEstimated Vaccinal Protection Effectiveness and Vaccinal 
Protection Ineffectiveness, by Herd Vaccination Levels. 


—_— OOOO a 


Herd Vaccinal Vaccinal 
Vaccination Protection Protection 
Levels (percent) Effectiveness Inef fectiveness 
-------~--------- Percent—------------------ $$ $= 
90 or Higher 70.4 29.6 
60 - 8&9 DOO 44.0 
20 - 59 347.0 66.0 


Under 20 0 100.0 





Zz 


Table Al.13. Estimated Brucellosis Infection Rates Within Infected Beef Herds, by Region, Year of 
Infection, and Herdsize, Base (current) Program, United States, 1975-76. 





Herd Size Region One Region Two Region Three Region Four 
(Head) 1* 2% 3% 1% 2% 3% 1% 2% 3% * 2* 3% 








-----------------------Infection Levels (Percent) -------- 999 n rrr nr rn 


1-19 oi. 07) $40.07 50.0 2550 SOO BESO. O 2d Oligo 0 sOpee ors O Pas 2: 30708 56.5 
20-49 Tie 30:50 -840;,,0 USO PAB AD) LORE. 190 Se ee) 0m er 18.5 26.07 750-0 
50-99 Rizo E12 <0 B SnD YAO el 2 ee 242.0 See SS aU 10:0) i708 Wrz. 0 

100-199 5.6 1 O50 Seen wiles ARGO ORY) yissy = Sirah ets) Sa elie Une) 
200-499 Zod 1030. 20.0 Zo Oe LOO Gr Ove) Ome Loe 0 if ody eee Cee COU), 
500-999 1.8 G20 31050 2.0 Sco  Lae0 (gee. 10. Deel 4.0 520g wo. On ton 
1090 or 

more SU 630° ~ 10.0 10 br) eel OO 0 Om ae OO Le) lee De Biehl) 


*Denotes Year of Infection 
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Table Al.13. Estimated Brucellosis Infection Rates (continued) 








Herd Size Region Five Region Six Region Seven Region Eight 
(Head) 1* * 3% 1% 2x 3% 1% Q* 3% 1% x 3% 


1-19 23.08 930.0 7 936.0 25ers on ee OS 26. eS 0s0 oo 26520, 626.20 Goo ou 
20-49 1720) 2270 25070 Geo. giz07 >) BeOS L220. 92520 Se2500 3030 OF Ja Boe 
50299 925 mee LO. Osmo. OF) eee mene ane) 6.0 “el 3 70pe22e> 4.4 1,220.0 

100-199 Fe wet Oe cUs)) 6 coal 2.5 20.0 We ig te ORL OeU SE) 90 ee Lone 
200-499 eet Salis a era 42D gl LU seen G a2U CRI aks) ae 22.0 6/2 1350 
509-999 Dad mle. selo.U 220 oF ee. 0 6 Le 9:07 310.9 alesis 40” 4.10.0 
1000 or 

more LzQered2ad 15.0 LeO bsdee 109 Ls 0, 4eOx. ol0s0: n> wit See ta tels's 0 


nn SU 


*Denotes Year of Infection 
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Table Al.14. Estimated Brucellosis Infection Rates Within Infected Dairy Herds, by Region, Years of 
Infection, and Herdsize, Base (current) Program, United States, 1975-76. 








Herd Size Region One Region Two Region Three Region Four 
(Head) 1* 2% 3% 1* 2% 3% 1* 2% 3% , 1* 2% 3% 
mn nnn = = = = = = — Infection Levels (Percent) ----—-—<=----—— ee 
1-19 202) B39 a2 Doi 2626 WBS 55.0 26.3 39.4 55.0 Sw 44.6 5520 
20-49 9.3 27.9 52.0 921 24.4 52.0 OS 29.1 520 Or Liaw, 5220 
50-99 6.3 26.8 50.0 Staal 22a 50.0 Soe, Zia 50.0 Juz 24:54 50.0 
100-199 as} TEES 500 Sipsil Ziless 50.0 329 22a 50.0 Bio 202.0 5050 
200-499 4.0 20.0 SF) al) Seo Me ets) 47.0 3.0 18.0 4720 Pages 20.0 SOLO 
500-999 4.0 2070 GTO 2°39 iby grees: 47.0 evi 8) TorU wea) rat 20.0 50.0 





*Denotes Year of Infection 


Table Al.14. Estimated Brucellosis Infection Rates (continued) 








Region Five Region Six Region Seven Region Eight 

(Head) 1% 2% 3% 1* 2* 3% 1* 2* 3% 1% 2% 3% 
2S SSS Infection Levels (Percent) ----------------------- +995 = ---- == 

1-19 B1r..0 39.5 soe0) Zone 37.0 Hon 34.6 44.9 5520 -- a 5520 
20-49 9.0 271 52.0 a 29°53 20 9.3 28.0 Be) 3.0 Bhat 44 52.0 
50-99 6 2355 5020 623 26.9 50.0 5.9 Zone 520 Meas By Rees) 5050 
100-199 3.9 22350 J0g0 gah PAS Dewts 50.0 3.8 24.0 50.0 2n8 rie 50.0 
200-499 ZO Tek 4750 Deo LG 40 47.0 ey L620 47.0 in 6.6 507.0 
500-999 2.0 View Led old 229 18.6 Lje 0 Pe 1620 47.0 ken’: 6.6 50.0 





-*Denotes Year of Infection 


Table Al.15. 


Region and 


Herd Size 


Region 1 


ke19 
20-49 
50-99 
100-199 
200-499 
S0G=999 
1000 + 


Region 72) 


Teg 
20-49 
50=99 

LOGS Lo 9 
200-499 
D00-999 
1000 + 


Region 3 


a) 
20-49 
I0-99 

100-199 
200-499 
D00-999 
1000 + 


Region 4 


= bo 
20-49 
SIRE) 
1OO=199 
200-499 
500=999 
LOOO Tr 
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Clean-up Rates, Cumulative Percent by Months, Quarantined 
Beef Herds, by Region and Herdsize, Base Program, United 
States, 1975-76 


Months Region and Months 
T2 13-24 24+ Herd Size ile 13-24 24+ 
= Percent Regione see Percent 
90 100 - 1-19 96 100 - 
90 100 - 20-49 84 100 - 
85 100 - 50-99 60 99 100 
75 95 100 100-199 60 92 100 
70 90 100 200-499 45 85 100 
60 90 100 500-999 40 80 100 
60 90 100 1000 + 40 80 100 
a Percent Region 6 Percent 
90 100 ~ 1-19 80 100 = 
85 100 - 20-49 80 100 - 
75 100 - 50-99 70 100 ~ 
60 95 100 100-199 60 95 100 
50 90 100 200-499 45 90 100 
50 90 100 500-999 40 90 100 
50 90 100 1000 + 40 90 100 
Percent Region 7 Percent 
95 100 ~ 1-19 65 100 - 
73 95 100 20-49 65 100 ~ 
69 92 100 50-99 60 90 100 
50 88 100 100-199 50 85 100 
50 88 100 200-499 46 85 100 
50 88 100 500-999 40 80 100 
50 88 100 1000 + 40 75 100 
Percent Region 8 Percent 
100 - ~ 1-19 - - 
95 100 - 20-49 100 ~ 
85 100 - 50-99 80 100 
80 95 100 100-199 60 100 
70 90 100 200-499 55 100 
53 85 100 500-999 40 100 


50 85 100 VEOOOsT 30 90 100 


fad} 





Table Al.16. Clean-up Rates, Cumulative Percent, by Months, Quarantined 
Dairy Herds, by Region and Herdsize, Base Program, United 
States, 1975-76. 
Region and - Nonths Region and Months 
etapa tee 13-202 e 2a Herd Stzet 512) i320 ee 2a 
Region 1 Percent Region 5 “Percent 
tok 100 = - 1-19 90 100 = 
20-49 90) 100 - 20-49 90 100 - 
50-99 70 100 - 50-99 70 100 - 
100-199 60 95 100 100-199 60 95 100 
200-499 25) 90 100 200-499 5) 90 100 
S00 + 45 85 100 500m 45 85 100 
Region 2 _ Percent Region 6 Percent 
1-19 90 100 - 1-19 90 100 - 
20-49 90 100 - 20-49 80 100 - 
50-99 70 Shs 100 50-99 70 90 100 
100-199 60 90 100 100-199 70 90 100 
200-499 215) 85 100 200-499 70 90 100 
B00. + - - ~ 500+ - - - 
Region 3 Percent Region 7 Pereent 
1-19 90 100 - 1-19 100 - ~ 
20-49 90 100 - 20-49 90 100 - 
50-99 70 95 100 50-99 80 100 - 
100-199 60 90 100 100-199 60 2B) 100 
200-499 he 85 100 200-499 55 90 100 
500 + - 500 + z 
Region 4 pee eee Region 8 Percent 
1-19 100 - - 1-19 100 - - 
20-49 100 - - 20-49 100 - - 
50-99 100 - - 50-99 100 - ~ 
100-199 70 100 - 100-199 100 - bet 
200-499 30 50 65 200-499 th 86 ie 
500 + 10 20 30 5001+: 61 83 1 


ES ee 
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regional fencing practices, etc. are shown in Table Al.17. The co- 
efficients in Tables Al.17 are affected by both herd vaccination levels 
and quarantine status. In this study, it was assumed that whenever an 
infected herd moved from an undetected to a detected (quarantine) status, 
that regional community spread coefficients were reduced by 50 percent. 
In addition, regional community spread coefficients were adjusted (mul- 
tiplied) to reflect vaccinal protection ineffectiveness as follows: 

90 percent or higher by .296, 60-89 percent by .440 and 20-49 percent 

by .660. 


Residual Infection Coefficients 


Field experiences and program records indicate that some of the 
infected herds which were released from quarantine status were returned 
to a quarantine status and in the interim had not purchased replacements 
and also were not reinfected through community spread. The Commission 
felt that residual infection was of significant magnitude to affect the 
spread and/or eradication of brucellosis and developed residual infec- 
tion coefficients by herdsize and region for inclusion in the simula- 
tion model. These coefficients are shown in Table Al.18 for beef and 
dairy herds. It was also assumed that residual infection coefficients 
were influenced by the vaccinal protection ineffectiveness and were 
adjusted for the various herd vaccination levels as follows: 90 per- 
cent or higher by .296, 60-89 percent by .440 and 20-59 percent by .660. 


Cull Rates 


The standard culling rate for the dairy industry was assumed to 
be .281 as reported in a recent study, Costs of Producing Milk in the 


Forestry, U. S. Congress. 


The average beef cow culling rate over the cattle cycle was assumed 
to be .1667. llowever, an overall culling rate of .20 was used in the 
mode] to account for the cows culled and breeding cattle which were 
subjected to the market surveillance system but were added as herd re- 
placements. Further, the overall beef culling rate was adjusted to 
reflect culling rates during various phases of the cattle cycle as 
follows with year 1 representing the peak of the cattle cycle: 
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Table Al.17. Community Spread Coefficients, by Region, Beef and Dairy 


Cow Herds, Undetected Infected Herds, Base Program, 
United States, 1975-76. 


—_— —— $$ $$ 


Region Beef Dairy 
alte ket Sateen Coe ffi C1 en tq q—— <<< ne ee 
1 30 +0 
Z ou 20 
3 . 20 sabe) 
4 3 AW) fay 
5 720 oO 
6 opal .08 
7 si .06 
8 10 05 
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Table Al.18. Residual Infection Coefficients, by Region and Herdsize, 
Beef and Dairy Cow Herds, Base Program, United States, 


1975-/63 
Herdsize \) <4 sie). 2 DSR GORE Rec ion le ee ate 
and Item 1 2 3 4 5) 6 i 8 
ae ae ee Coet ficient ———-— me = eee 
BEEF: 

119 .010 .010 .100 .050 .090 .010 .010 .010 
20-49 O10 .030 250 2050 220 .010 .030 .010 
50-99 .020 .050 ou ASI 8, a 50 050 .050 .010 

100-199 .020 2050 0 . 260 2150 . 100 050 .030 
200-499 .030 .030 .150 . 200 . 100 - 100 . 100 -100 
500-999 .020 .020 -150 . £00 .060 -050 -050 .030 
1000 or 

more .020 .020 L590 .050 .020 .020 -020 .030 
DAIRY: 

TL .010 .010 .050 = 050 .010 -010 = 
20-49 ZOs0 .010 .050 .050 . 060 .050 .030 -010 
D0=99 .080 .030 .070 . LOO - LOO 070 .050 -050 

100-199 .030 .030 .070 . 100 eELO -080 .070 .070 
200-499 .010 .030 . 100 . 100 320 .050 .050 -100 


500+ .010 .030 -050 2050 .050 .010 .010 050 


3t 


Year of Cycle Beef Cow Cull Rate (Percent) 


- 2360 
1223) 
. 2068 
. 2004 
e126 
.1664 
L768 
~1584 
- 1580 
P2077 


COBHAM LF WHN 
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These culling rates during the various phases of the beef cattle 
cycle reflect changes in beef cow numbers over the last two cattle 
cycles relative to annual beginning and ending inventories, cow slaugh- 
ter, replacement rates, and death rates as reported in Livestock and 
Meat Statistics, U. S. Department of Agriculture. 


Regional Quality Control Factor 


The effort put forth by state and local governmental agencies, 
producers and others associated with the cattle industry to control 
and/or eradicate brucellosis is of major importance to the success 
of the program. The estimated quality control coefficients, by re- 
gion, for the beef cattle industry were as follows with 1.0 reflec- 
ting a 100 percent cooperative effort by all parties concerned: 
mectonmier.o 0s. cerion 2, 3.900; ;region,3, °.800; region.4 95-650; 7 re— 
Plone ee 2 eel Lonn0,e.629;.repion /;,)./7/5, anddregion.5;).900. 
These regional quality control coefficients remained in effect for 
all program models with the exception of the accelerated program 
series. In the Accelerated - 1 model, the regional quality control 
coefficients were assumed to increase 10 percent in region 4, 7.5 
percent in region 5, and 5 percent in region 3 during area testing 
and also remained at these higher levels during the remaining years 
of the Accelerated - 1 program. In the Accelerated - 2 model, the 
regional quality control coefficients were increased as indicated 
above, but it was assumed that the regional quality control factors 
dropped back to the levels existing prior to area testing after 
FPC programs were completed two years after the completion of area 
testing in regions 3, 4, and 5. 
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Annex 2- Copies of Questionnaires to Beef Producers and Dairymen 


BRUCELLOSIS BEEF CATTLE 
MANAGEMENT AND HANDLING QUESTIONNAIRE 


General Information: 


As 


Please indicate in which state(s) your cow-calf operation is 
located. | 


B. Please estimate the following with regard to your cattle oper- 


ation for 1976s 

1. Total acres used for cattle grazing _ (acres). 
a. Is all acreage in adjoining pastures? Yes » No 
b. If no, how many locations are involved? 


2. Please estimate the number of pastures in your total cattle 
operation. _ 


3. How often do you move cattle from one pasture to another dur- 
ing the year? 


4, In what seasons do you normally calve? (Please check.) 
Fall ,» Winter ToODELnNe » Summer » Year round d 


Please Estimate Your Beef Cattle Inventory and Related Information 
as Follows: 


A. 
B. 


Cows and heifers that have calved (number). 
Replacement heifers (8 months and older that have not calved) 
(number). 
Average percent weaned calf crop for the last 3 years aa 
Number of replacement heifers added to your herd for the follow- 
ing years: 1974 Broan Wo? Ke) » 1976 - 
1, What percent of these replacements were: home-raised re 
purchased __—_s_—_i. 


Cow Purchases: 


A. 


B. 


Please indicate the number of replacement cows purchased in each 
of the last 3 years: 1974 Lo 75 L976 ; 


What percent of these purchased cows were tested for Brucellosis 
immediately prior to delivery? —_ . 


1. If you tested cows for Brucellosis prior to delivery, please 
indicate the cost per cow to have them tested. $ : 


Do you keep purchased replacement cows isolated from the remain- 
der of the herd for 30 to 60 days? Yes _—s—«y No _ . 





1. If yes, do you retest cows for Brucellosis prior to placing 
them with the remainder of the herd? Yes » No : 


a. If yes, what is the cost per cow to retest? $ ; 


Beef Questionnaire, Continued 


IV. Source of Purchased Breeding Cows or Heifers 


During the Last Three 
Years: 





A. Please indicate the number of breeding cows and replacement heif- 


ers that were purchased from the following sources during the 
| last 3 years. 


1974 1975 1976 
Dealers 


Public Markets 
Individual Ranchers 





Other (specify) 


B. Of those replacements purchased in the last 3 years, how many 
originated in: 


1974 LoD 1976 
Your County 


Your State (outside 
your county) 


Out-of-State 
Unknown 


1. Please indicate the number of replacement purchases, by state, 
for all out-of-state purchased (if possible) during 1974, 1975 
and 1976. 


2. Please estimate, if possible, the number of herds your purchased 
beef cows or replacement heifers originate from during a typical 
year, cows (herds); heifers (herds). (NOTE: 
each purchase, even though from the same herd during the year, 
should be considered a separate herd.) 


V. Vaccination Program: 


A. What percent of your cow herd is currently vaccinated against 
Brucellosis? ea 


B. How many of your total heifer calf crop were vaccinated against 


Brucellosis in 1974 sel 375 ~eLo76 2 
C. How many of your home-raised vaccinated heifers did you keep as 

replacements in 1974 LOYD PLO 6 2 
D. What percent of your purchased heifer and cow replacements were 

calfhood vaccinated during 1974-76? Heifers %, Cows he 


VI. Labor and Cost Requirements for Brucellosis Roundups, Testing (Col- 
lecting Blood), and Calfhood Vaccination: 
A. General information: 


1. Has your herd ever been tested for Brucellosis? Yes » No 


2. Has your herd ever been quaratined because of Brucellosis? 
Yes » No 4 








Beef Questionnaire, Continued 


a. If yes, when? 
b. What percent reactors did you have on the initial test? 
ee 


3. What length of time did it take to clean up your herd? 
(months) and how many tests? 


B. Cattle Roundups 


1. Man hours and wage rates required per roundup: 


a. Owner (hours) Hourly wage rate $ /hour 
b. Manager (hours) Hourly wage rate $ /hour 
c. Others (hours) Hourly wage rate $ /hour 


2. Please indicate any additional costs per roundup for hiring 
and/or leasing additional horses, vehicles, and equipment. 
(Indicate type, number and costs for each.) 








3. Please estimate the total costs incurred per roundup for fur- 
nishing your own horses and/or equipment. $ 


C. Labor requirements for testing cows for Brucellosis: (chute work 
and catching cows and bulls to collect blood) 


1. Number of man hours required: 


a. Owner (hours) 
b. Manager (hours) 
e. Others (hours) 


D. Labor requirements for Brucellosis vaccination: (separating, 
catching, and vaccinating of heifer calves) 


1. Would you or do you have to make a special roundup to vac- 
cinate heifer calves against Brucellosis? Yes aC 


2. Number of man hours required for vaccination: 


a. Owner (hours) Hourly wage rate $ /hour 
b. Manager (hours) Hourly wage rate $ /hour 
c. Others (hours) Hourly wage rate §$ /hour 


VII. Working Facilities Available for Testing Cattle and Vaccinating 
Heifer Calves: 


A. Equipment of premise: 
1. Do you own a squeeze chute? Yes » No 


a. If yes, indicate type of squeeze chute: Manual or 
Hydraulic : 


Beef Questionnaire, Continued 


2. Do your facilities also include: 


a. A crowding alley? Yes » No 
b. A headgate? Yes No 


b 


If your facilities do not include a squeeze chute or headgate, 
do you rent such equipment? Yes » No 


a. If yes, please indicate the cost per day or hour. (specify) 


$ 





Annex 2, Continued 
BRUCELLOSIS DAIRY CATTLE 
MANAGEMENT AND HANDLING QUESTIONNAIRE 


I. General Information: 
A. Please indicate in which state(s) your dairy operation(s) is lo- 
cated. 
B. Please indicate the following with regard to your dairy operation: 


1. Type of operation (please check): 


a. Dry lot (year round) 
bolas titbe 


c. Other (specify) 
2. Type of housing (please check): 


a. Govered free stall. 
b. Open free stall 
Ce otanchion barn 


d. Other (specify) 


3. Type and size of milking equipment: 


Type of Milking Parlor Size (cow capacity) 
a. Herringbone 
b. Side-opening 


Stanchion 


QO 


d. Other (specify) 
II. Please estimate your dairy cattle inventory for 1976 as follows: 


A. Cows and heifers that have calved (number). 
B. Average number of lactating cows during the year (number). 
C. Please estimate your average herd level of milk production per 


cow per year (pounds). 


III. Replacement and Source Information: 
A. Please indicate the number of cows and heifer replacements added 
to your herd for the following years: 
Cows - 1974 , L975 LG 
Heifers - 1974 Pena S? Vhs. 5) 2976 


Dairy Questionnaire, Continued 


B. What percent of the above co 


w and heifer replacements were pur- 
chased (not home-raised) dur 


ing the following years: 


» 1976 
Heifers - 1974 pee Lbs hk, 1976 


x“ 


Cows - 1974 &, L975 h 


Pc) 


C. Please estimate the average price per head paid for cows and 
heifer replacements during the following years: 
Cows a LO Gs & Ml 1 S45 peo bo 
Heifers - 1974 § a A is aos yee) Cas 


D. Please estimate, if possible, the number of herds from which your 


your purchased dairy cow or replacement heifers originate during 
a typical year: 


cows (herds); heifers (herds). (NOTE: each purchase 


even though from the same herd during the year should be considered 
a separate herd.) 


E. Please indicate the number of cows and replacement heifers that 
were purchased from the following sources during the last 3 years: 


1974 1975 1976 
Local or 
consignment sales 
Public markets 


Dealers 


Individual 
Producers 


Other (specify) 


F. What percent of your purchased dairy cow or heifer replacements 
originated from sources within your state during the last three 
years? 7 


1. If purchased replacements originated from out-of-state, please 
indicate the number of purchases by originating state(s) if 
possible, during the last three years. 


IV. Vaccination Program: 


A. What percent of your milking herd is currently vaccinated against 
Brucellosis? 7 


B. What percent of your home-raised dairy heifer calves are vaccinated 
against Brucellosis annually? ¥ 


Dairy Questionnaire, Continued 
What percent of your replacement heifers were vaccinated against 
Brucellosis during the last 3 years? / 


What percent of your purchased replacements were vaccinated against 
Brucellosis? 7 


V. Brucellosis Testing and Associated Costs: 


A. 


Have you ever blood tested your dairy herd for Brucellosis? 


Yes » No 


Have you ever been quarantined for Brucellosis testing? 


Yes _ » No 


1. If yes, when? 





Please estimate the labor requirements associated with testing 
dairy cattle for Brucellosis (chute work, catching cows and 
bulls to collect blood) and hourly wage rates related to your 
dairy operation: 


Type of Labor Hours Wage Rate/Hour 
Owner = 
Manager 





Others 





ANNEX 3 


PROCEDURES FOR ESTIMATING COEFFICIENTS TO DETERMINE PHYSICAL LOSSES PER 
INFECTED BEEF COW 


In order to determine the total physical and/or economic losses per 
infected beef cow, it was necessary to estimate the percentage of infect- 
ed beef cows that (1) have dead calves, (2) have delayed conception or 
are open, (3) have decreased beef production because of weak calves or 
inadequate milk production, and (4) are culled as a result of the dis- 
ease. These losses will vary depending upon culling practices, levels 
of vaccination, and whether infected herds are identified (quarantined) 
or are unidentified as shown in Tables 3 and 4. 


The following is an cxample of how the percentage of infected cows 
were estimated for each selected loss category, by year of infection, 
for region 1 in Table 3. The basic input data for determining those 
losses are shown in Tables 1 and 2. The percentage of infected cows to 
be included in each selected loss cateogry, by year of infection, were 
computed as follows for Region 1 in unvaccinated and undetected herds: 


Culled 
Year 1 = (.60) (.80) + (.40) (.30) (.55) = .5460 
where 


60.0 = percent infected cows aborting in the first year of in- 
fection, 


80.0 = percent of aborters culled, 


40.0 = percent of non-aborting cows in the first year of infec- 
tion, 


30.0 = percent of non-aborting cows culled in the first year of 
infection, 


55.0 = percent of non-aborting cows with weak calves and de- 
creased milk production in the first year of infection. 


Year 2 


Since producers do not cull all infected cows in unidentified herds, 
non-culled infected cows were carried over into the year 2 infection cate- 


gory. 


Carryovers from Year 1=1- .5460 = .4540 


Newly infected in Year 2 = Lea -4540 = 1.5460 


The culling rates within herds in the second year of infection are: 


Year 1 carryovers.=)(5 454018 (:G.05) -@. 80) + .C.95)8@ 25). (233) 
0507 


Newly infected cows = [1.546] [(.60) (.80) + (.40) (.30) (.55)] = 
8441 


The culling sratesicw.U)3/ety.o44l = .4459 
) 


where 


5.0 = percent infected cows aborting in the second year of in- 
fection, 


80.0 = percent of aborters culled, 


95.0 = percent of non-aborting cows in the second year of infec- 
tlon: 


25.0 = percent of non-aborting cows culled in the second year of 
infection, 


33.0 = percent of non-aborting cows with weak calves, decreased 
milk production, and slow breeders in the second year of 
infection and the other variables have been previously 
identified. 


epapne tres for determining the precise effect of replacements into an 
infected herd and the effective infection rate of such replacements 
and all additions over a number of years is a complex process. The pro- 
cedure adopted for this study is as follows. The culling coefficient 
for year 1 infected herds in region 1 was .5460 as indicated above. 
Therefore, the infection coefficient representing the carryovers from 
year 1 to year 2 is 1 - .5460 = .4560. The procedure for deriving the 
infection coefficient for the newly infected cows in year 2 is 2 - 
-4540 = 1.546. Therefore the infection coefficients .4540 represent- 
ing carryovers from year 1 and 1.546 representing newly infected ani- 
mals sum up to 2. The infection coefficients were multiplied by their 
respective loss coefficients in Tables 1 and 2 as shown above, the pro- 
ducts summed, and divided by 2 to normalize the summed product which 
is the culling coefficient (.4489) in year 2. A similar procedure was 
used for herds moving into the third year of infection. 


Year 3 


Carryovers from Year 1 = .4540 - 0537 4003 


Carryovers from Year 2 = 1,546 - 8441 - 7019 


Newly infected cows = 2 - .4003 - -7019 = .8978 


The culling rates within herds in the third year of infection are: 


Carryovers from Year ] 


[.4003] [(.01) (.80) + C2999) F( 20) C23) e= 
-0187 


Carryovers from Year 2 


[.7019] [(.05) (.80) + (.95) C25)" .33) ies 

0831 

Newly infected cows = [.8978] [(.60) (.80) + (409230) -C255)] = 
-4902 


The culling rate is .0187 +. .0831 + -4902 = .2960 
2 


where 


0.1 = percent infected cows aborting in the third year of infec- 
tion, 


80.0 = percent of aborters culled, 


99.9 = percent of non-aborting cows in the third year of infec- 
tion, 


20.0 = percent of non-aborting cows culled in the third year of 
infection, 


23.0 = percent of non-aborting cows with weak calves, decreased 
milk production, and slow breeders in the third year of 
infection and the other variables have been previously 
identified. 


Have Dead Calves 
Vearelu=—(.60) fF (.40)°C/30) (10) +°C.40) (¢.25) (.10) = .6220 
where 


60.0 = percent of infected cows aborting in the first year of in- 
fection, 


40.0 = percent of non-aborting cows in the first year of infec- 
tion, 


30.0 = percent of non-aborting cows with weak calves in the first 


year of infection, 


10.0 = death loss as a result of weak calves, 
25.0 = percent of non-aborting cows with decreased milk produc- 
tion, 
10.0 = death loss as a result of decreased milk production. 
Year 2 


Year 1 carryovers = [4540] (0.05) + (795) C206)" €-10)" 4 C-95) cl 
C10) Pe=men0305 


Newly infected cows = [1.5460] [(.60) + (.40) (.30) (.10) + (.40) 
C225) CaO) = 9616 


Cows with dead calves = .0305 + .9616 = .4960 


2 
where 
-4540 = non-culled cows carried over from year l, 
5.0 = percent aborting in the second year of infection, 


95.0 = percent of non-aborters in the second year of infection, 


6.0 = percent of non-aborters with weak calves in the second 
year of infection, 


12.0 = percent of non-aborters with decreased milk production in 
the second year of infection and the other variables have 


been previously identified. 


Years 


I 
= 


“40031 ehC.COlpa+ts 62999)2Gs03)P CSL) mt SOR 
©. L0)mC. 10) ln= "0056 


Year 1] carryovers 


F709 PCOS) 909506) VC0)) 4995), Gal) 
€.10).] = «0471 


i] 
=> 


Year 2 carryovers 
Newly infected cows = [.8979] [(.60) + (.40) (.30) (.10) + (.40) 
C325) 2C 210) 2en5585 


Cows with dead calves = .0056 + .0471 + .5585 = .3056. 
2 


where 


.4003 = non-culled cows carried over from year l, 


3.0 = percent of non-aborters with weak calves in the third 
year of infection, 


10.0 = percent of non-aborters with decreased milk production in 
the third year of infection and the other variables have 
been previously identified. 

Have Lower Weight Calves 
Year 1 = (.40) (.30) (.90) + (.40) (.25) (.90) = .1980 


where 


40.0 = percent of non-aborting cows in the first year of infec- 
tion, 


30.0 = percent of non-aborters with weak calves, 
90.0 = percent of weak calves reaching weaning age, 


25.0 = percent of non-aborters with decreased milk production 
and the other variables have been previously identified. 


Year 2 


Year 1 carryovers = [.4540] [(.95) (.06) (.90) + (.95) (.12) (.90)] = 
.0699. 


lee ee oe | 


Newly infected cows = [1.5460] [(.40) (.30) (.90) + (.40) (.25) (.90)] = 
3061. 


Cows with lower weight calves = .0699 + .3061 = .1880. 
2 


where 
.4540 = non-culled cows carried over from year 1, 


percent of non-aborting cows in the second year of infec- 
tion, 


95.0 


6.0 = percent of non-aborting cows with weak calves in the 
second year of infection, 


} 90.0 = percent of weak calves reaching weaning age, 


12.0 = percent of non-aborting cows with decreased milk produc- 
tion in the second year of infection and the other varia- 
bles have been previously identified. 





Year 3 


Year 1 carryovers [.4003] [(.999) (.03) (.90) + (.999) (.10) (.90)] = 


-0468 


Year 2 carryovers = [.7019] [(.95) (.16) (.90) + (.95) (.12) (.90)] 
- 1080 


Year 3 carryovers 


[.8979] [(.40) (.30) (.90) + (.40) (.25) (.90)] 


1778 
Cows with lower weight calves = .0468 + .1080 + .1778 = .1663 
2 
where 
-4003 = non-culled cows carried over from year 1, 


99.9 = percent of non-aborting cows in the third year of infec- 
tion, 


3.0 = percent of non-aborting cows with weak calves in the third 
year of infection, 


90.0 = percent of weak calves reaching weaning age, 


10.0 = percent of non-aborters with decreased milk production 
and the other variables have been previously identified. 


Delayed Conception or Open 


Year 1 = 0 as delayed conception or unbred cows is not applicable until 
after the first year of infection. 


[.4540] [(.95) (.15)] =.0647 


Yea. z 
where 


-4540 = non-culled cows carried over from year 1, 


95.0 = percent of non-aborting cows in the second year of infec- 
tion, 
15.0 = percent of non-aborting cows that are slow breeders or 


open in the second year of infection. 


Year 3 


i} 


Year 1 carryovers [.4003] [(.999) (.10)] = .0400 


Year 2 carryovers = (.7019] [(.95) (.15)] = .1000 








Delayed conception or open = .0400 + .1000 = .0700 
2 


where 


-4003 = non-culled cows carried over from year l, 


99.9 = percent of non-aborting cows in the third year of infec- 
tion, 


10.0 = percent of non-aborting cows that are slow breeders or 
open in the third year of infection. 


Losses per infected unvaccinated and detected heef cow were compu- 
ted similar to those for the unvaccinated and undetected herds as shown 
in Table 4. However, for detected herds it was assumed that one-half of 
the infected cows were detected prior to aborting or exhibiting effects 
of physical losses in non-aborting cows. In addition, it was also 
assumed that herd owners in detected herds generally do not add replace- 
ments to infected herds prior to cleaning-up the herd. Therefore, the 
selected loss categories per infected beef cow in Table 4 were computed 
directly from Table 1 without allowing for adjustments due to the addi- 
tion of replacements. The procedures used in calculating physical losses 
were similar to those described in Chapter III with the following excep- 
tion. Since infected cows can be detected anytime prior to weaning a 
calf, it was assumed that calves reach about 40 percent of their market- 
ing weight prior to detection of the infected nurse cow which results in 
a 60 percent normal marketing weight loss. This assumes that calves 
from detected cows are marketed at the same time as their nurse cows. 


Annex 4 


ESTIMATING PROCEDURES FOR CONVERTING WEANED CALF AND VEAL CALF 
LOSSES TO WHOLESALE CARCASS WEICH'TS 


In order to estimate the effect of brucellosis on beef and veal 
supplies at the consumer level, it was necessary to convert the total 
annual pounds of weaned beef and veal calf death losses at the producer 
level to carcass beef and veal at the consumer level. For the beef 
sector, this was accomplished by estimating the disposition of beef 
calves in the beef industry as shown in Table 1. The disposition of 
dairy calves was estimated as shown in Table 2, below. 


The average dressed steer-heifer weight at Federally Inspected 
slaughter plants from January, 1978, to May, 1978, was 635.63 pounds as 
reported by the U.S. Department of Agriculture in Livestock Slaughter, 


June, 1978. The live weaned beef calf conversion factor to a steer- 
heifer carcass weight is: 


(635.63) 


408 x (.745) = 1.160648 


where: 
635.63 = January-May 1978 U.S. average Federally Inspected 
steer-heifer dressed carcass weight, and 


408 = estimated weaned beef calf weight, and 


-745 = proportion of beef calves slaughtered as fed and 
non-fed steer and heifer beef as shown in Table 1. 


Coefficients for converting live weaned dairy calves to veal carcass 
meat and steecr-heifer meat were derived as follows. The average dressed 
veal carcass weight for 1976-77 was 147.93 pounds as reported by the U.S. 
Department of Agriculture in Livestock and Meat Situation, February, 1978 
Carcass weights for fed and non-fed dairy steers and heifers, although 
often heavier, were assumed to be the same as beef steers and heifers at 
635.63 pounds since this statistic includes total Federal Inspected steer 
and heifer slaughter. These coefficients were developed as follows: 











_ (147.93) 


85 x (.3825) = .665685 


Dairy calf to veal carcass 
(635.63) 


85 x (.2250) = 168255 


Dairy calf to steer-heifer carcass = 


where: 
147.93 = average dressed Federally Inspected Veal Carcass 
weights for 1976-77, 


85 = estimated average weaning weight of a dairy calf 
.3825 = proportion of dairy calves slaughtered as veal, Table 2. 


.2250 = proportion of dairy calves slaughtered as fed and non- 
fed steers and heifers, and the other variables have 
been previously identified, Table 2. 





Table 1. Estimated Disposition per 100 Beef Calves, by Sex, 1976-91. 


eeetas rad ae Py voc Sex 
Item rt) _ Bulls (Steers) Heifers Total 


Sex at birth 50.0 50.0 100.0 


Disposition: 





Death loss vee et) / 4.0 

Replacements BESS) Oho 21d 

Non-fed slaughter rae Ae) 7 ts 

Fed slaughter Les Yee Zao 67.0 
af 


‘Total heifers designated as replacement. Actual replacements are 
approximately 17 percent. 


Table 2. Estimated Disposition per 100 Dairy Calves? DYsnex,51770-94. 


ysex FC. 05% 4h 
Item Bulls(S is(Steers) Heifers Total 
-------- Head-—_---__-_;__.. |_| ... ale 

Sex at birth 50.0 50.0 100.0 
Disposition: 

Death loss 220 2.0.) wise 

Replacements S25 52..0= aie 

Veal slaughter 3175 6.5 a 

Non-fed slaughter 20 6.0 toe 

Fed slaughter 10.0 v3 , 








——. 





al notal heifers designated as replacements. Actual replacements are 
approximately 28 percent. 


ANNEX 5 


PROCEDURES FOR ESTIMATING COEFFICIENTS TO DETERMINE PHYSICAL LOSSES PER 
INFECTED DATRY COW 


Losses due to brucellosis in the dairy industry are manifested 


primarily in decreased milk production, premature culling resulting in 
increased replacement costs to affected producers, and dead calves as a 
result of abortions. Losses in the dairy industry, similar to the beef 
industry, vary depending upon management and culling practices, levels 
of vaccination and whether infected herds are identified as shown in 
Tables 10, 11 and 12. The basic input data for determining these losses 
are shown in Table 9. In addition, it was assumed that the dairy indus- 
try culling rate was 75 percent for aborters and 28.1 percent for non- 
aborters.1/ The percentage of infected cows to be included in each se- 
lected loss category, by year of infection, were computed as follows 

for Region 1 in unvaccinated and undetected herds: 


Culled 


Near, y= ((260)0(3 75) 2 Gi28i)e C240) =9. 5624 


where 
60.0 = percent aborting in the first year of infection, 
75.0 = percent of aborters culled, 
28.1 = percent of non-aborting cows culled, 


40.0 = percent of non-aborting cows in the first year of infec- 
tion. 


Year 2 


Dairy producers similar to beef producers, do not cull all in- 


fected cows in unidentified herds. Consequently non-culled infected cows 
were carried over into both the year 2 and year 3 infection category. 
This was accomplished as follows for year 2: 


1/ 


2/ 


Carryovers from Year 1 = 1.5624 = .4376 

Newly infected in Year 2 = el -4376 = 1.5624 
The standard culling rate of .281 within the dairy industry was derived 
from Costs of Producing Milk In The United States, 1975 and 1976, 
Senate Committee on Agriculture and Forestry, U. S. Congress, Washington, 


DFG. sl 7 


See footnote 1, page 2, Annex 4. 


The culling rates within herds in the second year of infection are: 
Year 1 carryovers = [.4376] [(.05) (.75) + (.95) (.281)] = .1332 
Newly infected cows = [1.5624] [(.60) (.75) + (.40) (.281)] = .8787 


The culling rate is .332 + .8787 = .5060. 
2 


where 


5.0 = percent of infected cows aborting in the second year of in- 
fection, 


95.0 = percent of non-aborting cows in the second year of infec- 
tion and the other variables have been previously identi- - 
fied. 

Year 3 


-4376 - .1332 = .3044 


Carryovers from Year l 


1.5624 - .8787 - 6837 


Carryovers from Year 2 


1.0119 


ul 


Newly infected cows = 2 - .3044 - .6837 
The culling rates within herds in the third year of infection are: 


Carryovers from Year 1 = [.3044] [(.001)° (275)"+ (¢.999); (.281)] = 
-0857 


Carryovers from Year 2 = AS VAL (MOG ED ERG Thos Gk») (.281)] = .2082 
Newly infected cows = [1.0119] [(.60) (.75) + (.40) (.281)] = .5691 


The culling rate is .0857 + .2082 + .5691 = .4315 
2 


where 


0.1 percent aborting in the third year of infection, and 


99.9 = percent of non-aborting cows in the third year of infec- 
tion and the other variables have been previously identi- 


fied. 
Have Dead Calves 


Year 1 = (.60) + (.40) (.30) (.10) = .6120 


where 


60.0 


40.0 


30.0 


10.0 


Year 2 


percent of infected cows aborting in the first year of 
infection, 


percent of non-aborting cows in the first year of infec- 
tion, 


percent of non-aborting cows with weak calves in the first 
year of infection, 


death loss as a result of weak calves. 


Year 1 carryovers = [.4376] [(.05) + (.95) (.06) (.10)] = .0244 


Newly infected cows = [1.5624] [(.60) + (.40) (.30) (.10)] = .9562 


Cows with dead calves = .0244 + .9562 = .4903 


where 


5.0 


95.0 


6.0 


Year 3 


2 


percent of infected cows aborting in the second year of 
infection, 


percent of non-aborters in the second year of infection, 
percent of non-aborters with weak calves in the second 


year of infection and the other variables have been pre- 
viously identified. 


Year 1 carryovers = [.3044] [(.001 = (.999) (.03) (.10)] = .0012 


Year 2 carryovers 


08a t COs) (.95)0 C06) "C10) | =e058h 


Newly infected cows = [1.0119] |(.60) + (.40) (.30) (.10)] = .6193 


Cows with 


where 


Ov1 


eee] 


3.0 


dead calves = .0012 + .0381 + .6193 = .3293 
Me 


percent of infected cows aborting in the third year of in- 
fection, 
percent of non-aborters in thethird year of infection, 


percent of non-aborters with weak calves in the third 
year of infection and the other variables have been pre- 


previously identified. 


Milk losses per infected dairy cows were computed similarly to the 
_ procedures outlined above with the followinf exceptions and/or assump- 


tions. The following assumptions were made relative to milk losses for 
unvaccinated and undetected herds: 


(1) aborters in the year in which abortion occurs and non-aborters 
in any year = 8.0 percent of annual production. 


(2) the next year following abortion = 20.0 percent of annual pro- 


duction and all subsequent years following abortion = 8.0 per- 
cent. 


(3) Dairy producers often do not find replacements immediately of 
equal milking ability as cows called for brucellosis. This 
"empty stall loss" due to the absence of an adequate replace- 
ment in the milking line was assumed to be one month in a ten 
month lactation period or 10.0 percent of the annual produc- 
tion. 


The procedures for determining direct milk losses due to brucellosis 
and an "empty stall loss" per infected dairy cow in unvaccinated, detec- 
ted herd, by year of infection was as follows: 


Milk Loss 
Year 1 = (.60) (.08) + (.40) (.08) = .08 
where 


60.0 = percent of infected cows aborting in the first year of 
infection, 


8.0 = percent of annual milk loss in aborting cows during the 
year of abortion, 


40.0 = percent non-aborters in the first year of infection, 


8.0 = percent of annual milk loss in non-aborting cows. 


Year 2 


Since it was assumed that 75 percent of the aborting dairy cows are 
culled in undetected herds, 25 percent of these abOLEere move into the 
second year of infection as "prior year aborters and undergo a 20.0 
percent reduction in milk production due to difficulties in starting the 
next lactation as well as damage to the mammary tissue. This necessitated 
the subdivision of non-culled carryovers into “prior year aborters" and 
"“non-aborters". This involved the following calculations: 


Carryovers from Year 1 = 1 — .5624 = .4376. 
(1) Prior year aborters = (.60) (.25) = .1500. 
(2) Year 1 non-aborters not culled = (.40) (.719) = .2876. 


where 


60.0 = percent of infected cows aborting in the first year of in- 
fection, 


25.0 = percent of aborting cows not culled, 


40.0 = percent of non aborters in the first year of infection, 


71.9 = percent of non aborting cows not culled. 
Milk losses within herds in the second year of infection are: 
Year 1 carryovers = (.15) (.20) + (.2876) (.08) = .0530 


Newly infected cows = [1.5624] [(.60) (.08) + (.40) (.08)] = .1250 


The milk loss is .0530 + .1250 
2 


-0890. 


Year 3 


Carryovers from Year 1 = .4376 - .1332 = .3044 


(1) Prior year aborters = (.4376) (.05) (.25) .0055 


(2) Year 1 non-aborting carryovers not culled (.4376) (.95) 


(719) = .2989 
where 


5.0 = percent aborting in the second year of infection, 


95.0 = percent non-aborters in the second year of infection and 


the other variables have been previously identified. 
Carryovers from Year 2 = 1.5624 — .8787 = .6837 
(1) Prior year aborters = 1.5624- .8787 = -6837 


(2) Year 2 non-aborting carryovers not culled = (1.5624) (.40) 
(.719) = .4493 


Milk losses within herds in the third year of infection are: 


Ge ee Say 


Year 1 carryovers (.0055) (.20) + (.2989) (.08) = .0250 


Year 2 carryovers = (.2344) (.20) + (.4493) (.08) = .0828 
Newly infected cows = [1.0119] [(.60) (.08) + (.40) (.08)] = .0810 


The milk loss is .0250 + .0828 + .0810 = .0944. 
2 


In addition to the direct milk loss coefficients derived above, direct 


milk losses due to the absence of replacements in the milking line or 


"empty stall loss" was computed per infected cow in undetected herds as 
follows: 


Mearete= 9 (.00)8 ( 75)*(.10) (.3333)"= .0150 
where 


60.0 = percent of infected cows aborting in the first year of 
infection, 


75.0 = percent of aborting cows culled, 


10.0 = percent milk loss due to absence of replacements in the 
milking line, and 


33.33 = percent of aborting cows culled prior to end of lactation 
in unidentified herds. 


Vearnes 
Year 1 aborters not culled = (.15) (.75) (.10) (.3333) = .0038 
Newly infected cows = [1.5624] [(.60) Got 5) 10) 033583) =a 0234 


Milk loss due to empty stalls = .0038 + .0234 = .0136 
2 


where 


15.0 = precent of aborters carried over from year 1 and the other 
variables have been previously identified. 


Year 3 


Year 1 aborters not culled @f0055) (.75) *@.50) (.3333) = .0001 


Year 2 aborters not culled = (22364) C75) 4.20) C333) .0059 


Newly infected cows = (1.0119) (.60) (.75) (.10) (2333) .0152 


Milk loss due to empty stalls = .0001 + .0059 + .0152 = .0106 
2 


In addition to the direct milk losses attributable to (1) losses 
due to brucellosis and (2) empty stall losses, it was also assumed that 
owners of infected herds often cannot find replacements equal to the 
milking ability of dairy cows which had to be culled due to brucellosis. 
Such losses were termed "genetic losses" and were assumed to be equal 
to 8 percent of the annual production for cows culled as a result of bru- 
cellosis as described in Annex 6. 


The total milk losses per infected dairy cow in undetected and un- 
vaccinated dairy herds, by year of infection, is as follows: 


Milk Loss Year 1 Year 2 Year 3 
WSS en ey Sa 
Direct 8.00 8.90 9.44 
Empty stall 1.50 1.36 1.06 
Genetic 8.00 8.00 8.00 
Total 17.50 18.26 18.50 


The direct milk losses for unvaccinated and detected dairy cows 
were assumed equal to one-half of that of the undetected herds. However, 
since the culling rate for detected infected cows is 100 percent and 
since infected cows can be detected anytime during lactation or other- 
wise, it was assumed that empty stall losses for detected infected dairy 
cows was equal to 10 percent per detected dariy cow. Genetic losses 
per detected dariy cow, as in undetected herds, was assumed to be 8 per- 
cent per infected cow. 


In addition to the above data, other basic data used to develop eco- 
nomic losses in the dairy industry, by region, are shown below. 





Milk Blend Slaughter Slaughter Cull 
production milk cow veal cow 
Region per cow 3/ price 4] price 4] price 4/ weights4/ 

Pounds S/cwt. $/Cwt. $/Cwt. Pounds 

ih 10,699 9.05 23.78 34.25 1,200 
2 LOwZ ou 9.49 22.88 35.55 1,200 
3 8,508 9.16 22.325 31.28 1.185 
4 10,000 Le /, Wa BPs 27.10 1,100 
5 9,025 10.04 20335 27.06 1,120 
6 9,479 8.53 2312 32,22 1,200 
7 11,789 G.L9 23.41 30.36 1,200 
8 13.935 OZ 24.04 30.10 1,200 


3 naire Situation, DS-369, W.S. Department of Agriculture, March, 1968. 


A costs of Producing Milk In The United States, 1975 and 1976, Senate 


Committee on Agriculture and Forestry, U.S. Congress, Wash., D.C. '77. 








The replacement losses suffered by dairy operators as a result of 
forced or premature culling of infected dairy cows were computed on a 
regional basis as follows. The average replacement cost for a dairy cow 
during 1975-76 was $543 according to a study, Costs of Producing Milk 
In The United States (footnote 4). This average replacement cost was ad- 
justed by a regional production index per dairy cow for 1975-76. The re- 
gional production index per dairy cow was obtained by dividing the region- 
al milk production per cow as shown above by 10,566, the average U.S. 
milk production per dairy cow during 1975-76. The per cow replacement 
losses were then calculated for each region. Per cow replacement losses 
in region 1, for example, are 


(85 (543) - (1,200) (.96) (.2378) = $275,89 where 1,200 


represents the slaughter weight per cow, .2378 is the average 
slaughter price per cow and .96 represents a 4 percent shrink. 


Annex 6 
Estimating Decreased Milk Production Potential as a Result of Increased 
Involuntary Culling of Cows Due to Brucella Abortus ingectione 


Culling cows because they are serologically positive for Brucella 
abortus adds to involuntary culling for such reasons as. age and disorders 
of reproductive system, mammary gland and feet. This forces the dairy 
producer to "dip/over" into his genetic pool for selection of cows to 
keep in his herd. He looses some degree of selection intensity for milk 
production. The magnitude of this selection intensity loss at different 
involuntary culling rates and its estimated effect on milk production is 


described in the following discussion by Professor Conlin. 


"Losses due to involuntary Culling of aborted cows can be estimated 
using a standard statistical procedures. 


Standard Deviation Among Cows Wighin Herds 


Increased 


Rate of Selection ME S.E. Act. Prod. Genetic 
Involuntary Intensity S.D S.D 
Culling Loss + 2400 + 3000 + 1000 
10% ft 480 600 200 
15 var 648 810 270 
25 42 1008 1260 420 


Actual production is the effect on pounds of milk per cow because of 
increased forced-culling and reduction in voluntary culling for production. 
This will occur in lactation following abortion. Therefore a 10-25% abortion 
rate and those cows culled will result in 600 to 1260 pounds of milk less 
per cow sold because these cows were culled. 


In addition, future culling opportunities will be severely affected 
because of fewer replacements available to enter the herd. This will 
affect future culling two ways: 

(1) Poorer heifer replacements available 

(2) Fewer heifer replacements available 


Another consideration is that the number of replacement heifers born 
during the abortion period will be reduced which will reduce bred heifer 


tohis Annex statement was prepared by Dr. E. Hunt McCauley. It is 
based on consultation with Professor Joe Conlin, Dairy Scientist at the 
University of Minnesota. Professor Conlin provided the statistical approach 
oo making this loss estimate. The background for this and an excellent dis- 
cussion of the important topic of genetic progress is presented in an arti- 
cle by Professor Conlin entitled 'Management Factors That Influence Genetic 
Progress" on pages 121-130 of the Proceedings of the National Workshop on 
Genetic Improvement of Dairy Cattle held in St. Louis, Missouri, April 6 and 
1, 21976; 








replacements available from within the herd two years later. Therefore 
voluntary culling for production will be reduced unless more replacements 
are purchased. The effect will be essentially the same as it was the 
year after the abortion storm occurred; i.e. 


Abortion Rate 


10% 600 lbs. milk 
15% 810 lbs. milk 
25% 1260 lbs. milk 


The 600 to 1260 pounds of milk per cow loss will repeat itself in the second 
year following the increased culling because of fewer herd replacements. 


In later years, the herd replacements available will be poorer 
genetically by 200 to 270 pounds of milk because of the good cows that 
did not have calves that could have been used as replacements. This will 
decrease the herd average of all cows in the herd approximately by 50 to 
80 pounds of milk per cow." 


In suggesting an estimate for this loss, I have elected to use 810 
pounds per cow involuntarily culled as occurring in the year following 
the culling. As one can see from Professor Colin's discussion, this 
figure is conservative on two counts: 1) it is for a 15% increased 
involuntary culling rate when actually this rate could be much higher 
(or lower), 2) it does not reflect the cascading effect of losses in 
future years due to decreased number of heifer genetic potential from 
abortions and to not having calves from the cows involuntarily culled. 
In disregarding point 2, I am arguing, for simplicity, that because of 
the time distance away from the initial cause (culling with or without 
abortion) that some factors may come into play which would offset these 
later losses. 


Annex 7 


A DYNAMIC PRICE RESPONSE SIMULATION 
MODEL OF THE U.S. DAIRY INDUSTRY 


The U.S. Dairy Industry 


Presently there are two grades of milk produced in the United 
States, Grade A and Grade B. Grade A milk is produced under strict 
sanitary regulations which permit this milk to be packaged for fluid 
consumption. Grade B, or manufacturing grade milk, is not produced 
under such stringent sanitary regulations. Nearly all of it is manu- 
factured into products such as butter, cheese, or powdered milk. In 
1977, over eighty percent of the milk produced in the United States was 
Grade A, while Grade B constitutes the remainder (USDA). 


Approximately eighty percent of the Grade A production is subject 
to minimum price regulation at the producer level through the federal 
milk marketing orders. A majority of the remaining Grade A milk is sub- 
ject to minimum price regulation by various state milk marketing orders. 
Grade B production does not come under the regulation of federal or 
state milk marketing orders. It relies on the price support program for 
a floor price and is otherwise priced in the open market. 


Grade A milk used for fluid consumption is known as Class I milk. 
Class II milk is Grade A milk used in the production of "soft" dairy 
products such as ice cream, cottage cheese, yogurt and sour cream. The 
remaining Grade A milk, Class III, is used in manufacturing products 
along with Grade B. Class III and Grade B milk, therefore, compete in 
the same end-use market. This procedure of classifying milk according 
to use and pricing each class differently is referred to as the classi- 
fied pricing system. 


The mechanism by which minimum Class I price is currently set in 
the federal milk marketing orders is a fixed differential above the com- 
petitive price for milk used in manufacturing. The competitive pay 
price used is known as the Minnesota-Wisconsin (M-W) price series. The 
M-W price is determined montly via a USDA sampling of the prices paid 
for milk by dairy product manufacturers in Minnesota and Wisconsin. 

Over half of the U.S. Grade B milk production is concentrated in these 
two states and historically this area has had a comparative advantage 
in producing milk. The M-W is considered to be the best indicator of 
overall industry supply-demand conditions and thus a competitive price. 


The Class I price at the base pricing point, Eau Claire, Wisconsin, 
is a fixed differential above the observed M-W price two-months pre- 
vious. The level of Class I prices in the U.S. follows concentric cir- 
cles from this base pricing point, determined by the cost of transporting 
one hundred pounds of fluid milk in hundred mile increments. Thus, as 


1. Prepared by Dr. E. A. Smith, Department of Agricultural Economics, 
Texas A & M University; July, 1978. 


one moves further away from Eau Claire, the minimum Class I price in- 
creases in accordance to transport costs. 


Though fluid markets are regional in nature, the market for manu- 
factured dairy products is national. The ratio of cost of transporta- 
tion to the value of manufactured dairy products is relatively low, 
especially in comparison to fluid milk. Because of this low cost of 
transport of product value, the value of milk destined for manufacturing 
purposes will be the same, or nearly the same, throughout its national 
market. Thus, the value of Grade A milk used in manufacturing can be 
no more than the price of the unregulated Grade B market. 


The price the producer of Grade A milk receives for his milk is 
the blend price or average price. An individual Grade A producer is 
indifferent to whether he ezells his milk as Class I or for manufacturing. 
Because all receipts for an order are pooled, each producer receives the 
average order price, or blend price. 


Review of Literature: 


Studies of the Supply and Demand for Milk and Dairy Products. 
Supply 


There have been numerous analyses of supply response of aggregate 
U.S. and regional-state milk production. These analyses have been of 
a structural nature utilizing single equation models, either measuring 
short-run effects or the partial adjustment hypothesis; simultaneous 
equations for the estimation of the number of cows and yield per cow; 
or recursive models of milk production. 


Early works by Rojko, Halvarson (1955), and Cochrane measured the 
short-run price elasticity of supply to be less than 0.2. Later, 
Halvarson (1958), Wipf and Houck, and Hammond determined the coefficient 
of adjustment, (Nerlove), to be between 0.4 and 0.6. Wilson and Thomp- 
son, and Prato estimated cow numbers and production per cow as part of 
simultaneous equation models of the U.S. dairy industry. 


Jackson employed a polynominal lag structure of price to estimate 
the number of cows and yield per cow for each of ten regions he chose 
for the United States. Hammond estimated the milk supply relationship 
for each of nine regions he chose to represent the United States. The 
supply elasticities with respect to price were found to be inelastic 
in both studies though these elasticities differed among regions. 


The results of all of these studies concur that in the short-run 
the milk supply is highly inelastic and somewhat more elastic in the 
longer run. The price milk producers receive for their milk and pro- 
duction costs, especially feed, were consistently identified as factors 


affecting the supply of milk. 


Demand 


Like most food items the demand for dairy products is price and 


income inelastic. The price elasticity of fluid products has been estima- 
ted at between -0.2 and -0.35 and the income elasticity from 0.03 to 
0.54. The demand for manufactured dairy products has been found in most 
cases to be more price and income elastic. The major means of estimating 
these elasticities have been time series analysis, all food elasticities, 
and cross sectional studies. 


Table 1 summarizes the more comprehensive studies of the demand for 
dairy products. Though not included in Table 1, notable variables used 
for substitute products have been the price of beverages for fluid de- 
mand and prices of meats for manufactured products, especially cheese. 


industry Models 


There have been few studies which have formulated a complete model 
of the dairy industry and estimated the parameters. The before-mentioned 
simultaneous equations approach by Wilson and Thompson, and Prato are 
notable exceptions. Hallberg and Fallert developed regional models of 
the industry, but restricted coefficients in their estimation process so 
as to have desirable parameter signs. 


The models developed by Kwoka, Oppalito and Masson, and Buxton to 
measure welfare loss due to price regulation were not empirically es- 
timated. A priori information on price and income elasticities were 
used in these studies. 


The Model 
The model used in this analysis of the dairy industry assumes all 
milk to be one single grade, Grade A. The basis for the use of such a 
model is the difficulty in ferreting out from aggregate data federal 
order Grade A milk, Grade B milk and milk controlled by the various 
State milk marketing orders. Also, it is anticipated that in the future 
nearly all milk will be of a single grade. 


Since Class I prices in all the Federal orders are linked together 
in a systematic manner, the demand arrives for Class I milk in each 
market may be summed horizontally as if all the Class I milk were ina 
single federal order. Likewise, the demand curve for manufacturing milk, 
Grade A or B, may be depicted in this single market due to its national 
scope. The supply of milk is a function of the blend price and cost of 
producing milk. 


In functional form, this single market may be modeled as, 


(1) oF = o(P., Yne', Qr,) (fluid demand) 
a(Q., Ync', QT.) if a(Q., Vino +). is Es 
(2) piles J (manufacturing 
m demand) 


T : cs Chet ts 
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Table 1 Price and Incomes Elasticities for Dairy Products 














Elasticity 
Author Price eps Type of Study 
A. Fluid Milk 
Rojko -.32 27 Time Series 1947-54 
Hu -.31 .03 Time Series 1947-63 
Brandow -.29 . 16 Allfood elast. 1955-57 
George & King -.34 20 Allfood elast. 1946-66 
Burk -.35 ~35 Time Series 1947-67 
McDonald -.13 Time Series 1962-69 
Boehm & Babb -.14 AG he: Cross Section 1972-74 
B. Frozen Dairy Products 
Brandow -.55 35 Allfood elast. 1955-57 
George & King -.52 ~33 Allfood elast. 1946-66 
Burk -.33 .25 Time Series 1947-67 
Boehm & Babb -.42 .07 Cross Section 1972-74 
C. Cheese 
Rojko -.75 63 Time Series 1947-54 
Hu -.11 .30 Time Series 1947-63 
Brandow -./0 245 Allfood elast. 1955-57 
George & King -.52 23 Allfood elast. 1946-66 
Burk -.19 «29 Time Series 1947-67 
Boehm & Babb -.85 .23 Cross Section 1972-74 
D. Butter 
Rojko -1.37 . 36 Time Series 1947-54 
Hu -1.14 .65 Time Series 1947-63 
Brandow -.85 <3 Allfood elast. 1955-57 
George & King -.65 Sea! Allfood elast. 1946-66 
Burk -.33 .38 Time Series 1947-67 
Quackenbusch & 
Shaffer -.46 .60 Cross Section 1948 
Boehm & Babb 3 .17 Cross Section 1972-74 


a ) Se Se 


G 
Yne 


T 
Cost 


nee 


(3) Q. = ¥(Py, Cost, ‘QT,) (milk supply) 
where the variables are defined as, 


Federal order producer milk deliveries used in Class I during time 
period t, million pounds (Federal Milk Order Market Statistics). 


Total U.S. milk production during time period tT, million pounds, 
(Dairy Statistics). | 


Quantity of milk used in production of manufactured products during 
time period t, million pounds, where Qn = Qt - Qh 
Ss 


All market Federal order minimum Class I price during time period 
t, dollars per hundred weight, (Federal Milk Order Market Statistics). 


Average price of manufacturing grade milk during time period 1, 
dollars per hundred weight, (Dairy Situation). 


Support price in time period t, dollars per hundred weight. 


Blend price during time period t-4, dollars per hundred weight 
T4054 4e—-4 T-48 ta a4 
where P, = (P 0; + Eee Ose) (080) 


Nominal per capita disposable income during time period t, dollars, 
(Business Conditions). 


Composite input factor ere during time period t, (Agricultural 


Prices and Farm Labor) .= 


Binary variable, (0-1) to take into account the effect of quarter, 
Po= a whe 4 


The minimum Class I price is set in a market administratively. 


Given a level of the Class I price and income, a unique level of milk 
is demanded for fluid use. The residual milk then goes to manufacturing 
purposes. 


This milk determines the level of manufacturing price. If the open 


market price is less than or equal to the support price, the effective 
market price would then become the support price. The support price is 
maintained by government purchases of manufactured dairy products. 


1/ This composite input price is made up of 37% price of corn, 21% price 
of 16% protein dairy concentrate, 16% hourly wage of farm labor and 267% 
prices paid by farmers. See Smith for details. 


eee ees 


hin oy 








Because of imperfections in the government's ability to purchase 
manufactured dairy products which will make the support price the abso- 
lute floor, at times the manufacturing price dips below the support 
price. In modeling the dairy industry, one can relax the condition of 


a perfectly elastic demand for manufacturing milk at the price support 
level. 


The above model was estimated via three stage least squares, (3SLS) 
on quarterly observations for 1970-1976. The use of simultaneous equa- 
tion techniques is desirable because of the necessity of using the fluid | 
demand and total supply relationships in determining the values of the 
quantity of milk used in manufacturing (Kmenta). Three stage least 
squares has all of the desirable asymptotic properties of an estimator. 


The resulting estimated model is:a/ 


q" = 10465.82 - 221.95P. +0.4402 Ync* 
(37.5) (.072) 


-645.4QT, - 732.7QT3 - 98.4QT,, 
(74.5) (7557) 8098075. 1) 


P= 14.80 - 0.000916 Q. + 0.00295 Ync° 
(.0004) (.0003) 


+ 1.5QT, - QT, - 1.8QT, 
(1.3) (eos) (le 2) 
T t-4 48 
Q. = 28292.8 + 865.24 Pe - 935.46 Cost 
4 (217.2) (263.4) 
+ 2835.6 QT, - 590.7 QT, - 2907.3 QT, 
(439.9) (438.4) (445.1) 


All of the coefficients in the estimated model are significant at the 
5% level and have the expected signs. From the estimated model, using 
Walker's adjustment procedure the annual average model becomes, 


T 
g™ = 10096.69 - 221.95 Pr + .4402 Ync 


rT 
p° = 14.48 - .000916 Q. + .00295 Ync 


= T 
Q' = 28127.27 + 865.24 Pp 4 _ 935.464 Cost 


een 
1/ The values in parenthesis under the estimated coefficients are 
their respective standard error of estimates. 


The annual average model is desirable because of its use in a 


simulation program which measures the price response due to milk loss 
because of brucellosis. 


Simulation Model 


The program used to simulate the dairy industry may be found in 
Addendum I. The base period used is 1975 with the blend price, income 
and cost values reflecting this. 


The program Hoke the following. Quantity produced is a function 
of the previous year's blend price and current cost conditions. Once 
this production has been, estimated, net milk loss for that year due to 
brucellosis is deducted. 


Because there is a direct tie between the prices of fluid milk 
and manufacturing milk (Class I differential), market clearing condi- 
tions may be solved in regard to the unknown variable, price of manu- 
facturing milk. There is a historic differential of $2.15 between 
Class I and manufacturing prices which is used to obtain the fluid 
price. Quantity demanded of fluid and manufacturing milk are determined 
and then that period's blend price. 


There are eight (8) regions used in this study because of region- 
ality of the infection of brucellosis. Likewise, a given year's blend 
price is regionalized based on historic price differentials within the 
Federal order system. These regional prices are used in estimation of 
the economic impact of brucellosis on producer's income. 


The income and cost used for the following year are adjusted by 
1.05 to approximate the expected inflation rate. The blend price in 
the present period is then used to estimate production for the next 
period, etc. The simulation may be carried for N number of lead periods. 


In order to validate the simulation model an assumption of no changes 
in the exogenous variables Ync and Cost, are allowed over time. As ex- 
pected, a stable equilibrium is obtained after seven years, Table 2. 

The regional price patterns for this example are shown in Table 3. 


Using an assumption of an inflation rate of 5% per year and the 
present brucellosis program in effect, the prices generated are shown in 
Table 4, for the U.S. and Table 5 for each of the eight regions. Table 
6 shows the results of an assumption of 5% inflation and a loss of milk 
due to brucellosis of 10% of total production the first year with an 
increasing loss of 2.5% each succeeding year. 


ane loss is defined as the differences between losses under the cur- 
rent program and the losses of the proposed programs divided by four 
(4) to adjust to the annual overall model. 


Table 2. Simulated U.S. Average Fluid, Manufacturing and Blend 


Prices: No Changes in Exogenous Variables and Present 
Brucellosis Program. 


YEAR MAN PRICE FID PRICE 


1 8.99 11214 9.74 
2 8.25 10.40 8.98 
3 8.65 10.80 9.38 
4 8.44 10.59 9.17 
5 8.55 10.70 9.28 
6 8.49 10.64 9.22 
7 8.52 10.67 9.25 
8 8.50 10.65 9.24 
9 8.51 10.66 9.24 
10 8.51 10.66 9.24 
11 8.51 10.66 9.24 
eZ 8.51 10.66 oe24 
13 8.51 10.66 9.24 
14 8.51 10.66 9.24 
15 foes | 10.66 9.24 
16 8.51 10.66 9.24 
ily; oie t 10.66 9.24 
18 8.51 10.66 9.24 
19 8.51 10.66 9.24 
20 8.51 10.66 9.24 
Table 3. Simulated Regional Fluid, Manufacturing and Blend Prices: 
No Changes in Exogenous Variables and Present Brucellosis 
Program. 

YEAR REG 1 REG 2 REG 3 REG 4 REG 5 REG 6 REG 7 REG 8 
1 8.64 aot 8.64 9.74 9.14 8.49 8279 28.94 
2 7.88 8.81 7.88 8.98 8.38 Pete 8.03 8.18 
3 8.28 9720 8.28 9.38 8.78 8.13 SA G25 
4 8.07 9.00 8307 9.17 8.57 492 EH NS 
5 8.18 9.11 8.18 9.28 8.68 8.03 3.53, o.48 
6 Sole 9.05 8.12 9.22 8.62 7.97 ea om Rap 
7 8.15 9.08 8.15 9.25 8.65 8.00 8.30 8.45 
8 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
9 8.14 9.07 8.14 9.24 8.64 7-99 8.29 8-44 

10 8.14 9.07 8.14 9.24 8.64 7399 8.29 8.44 
11 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
12 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
13 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
14 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
a. 8.14 9.07 8.14 9.24 8.64 1499 8.29 8.44 
16 8.14 9.07 8.14 9.24 8.64 RE) 8.29 8.44 
17 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
18 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
19 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 
20 8.14 9.07 8.14 9.24 8.64 7.99 8.29 8.44 


BLEND PRICE 


Table 4. Simulated U. S. Average Fluid, Manufacturing and Blend 
Prices: Five Percent Inflation Rate and Present Bru- 
cellosis Program. 


YEAR MAN PRICE FID PRICE BLEND PRICE 
i 8.99 ut hey 9.74 
2 9-03 ilerS Shs FKe: 
3 9.84 Ey LOFT 
4 10.28 12.43 Di00 
5 10.95 13.10 11.68 
6 Hid Medes 13.70 dP 
7 R224 14.39 P2296 
8 12393 15.08 13.64 
9 13.67 hajete” 14.38 

10 14.44 16.59 ees: 
1 bb 5, 17.40 15599 
i LOeLO iis 2s, 16.80 
13 eS, 19.14 17269 
14 LW hope /%) 20.08 18.63 
15 i oe 21207 19°61 
16 19%.95 22e10 20.64 
17 21.04 PeS ig he) Ze 
18 fap a eas: 24.33 2250) 
19 2507 25502 24.05 
20 24.63 26.78 25290 


Table 5. Simulated Regional Fluid, Manufacturing and Blend Prices: 
Five Percent Inflation Rate and Present Brucellosis Program. 


YEAR REG 1 REG 2 REG 3 REG 4 REG 5 REG 6 REG 7 REG 8 


al 8.64 eed) 8.64 9.74 9.14 8.49 S279 8.94 
(2 8.66 es bs 8.66 Piolo 9.16 8.51 8.81 8.96 
3 9.47 10.40 9.47 LOOT O97 9252 9.62 eet) 
4 P29 0F ies 9.0 eile OO n= L0G DID 107055" 10220 
Seay LO Omelet TOS507" UI6S: 9 lL i0oer e0sas 10 77 3588 10388 
he WN es fF AO) be Mio MPAs 4Ip TTS 67 L102 POL. Zee ay 
”| 1T.86, 12. 79°" 1086 © 12296" 9122569 1 ees 22 Olea ee 
Oe bet 13.47 12.54 L0G 113704 1239546 12 69a F 01 2ohe 
9 13228 “I4.2t 9 13.28" 14538" "13275" = 13, see a eee ea 
10, 14.05, §14°98 14705" 15215" 14955) "13.90 8 145 20ee lanes 
mi 14.85 “915,78 “14 .85" "S295 S15 735" V4. 709.15. 00 meet ae 
LZ 15.70" *"16,.63-" 15-/70- 16¢80) 1loe20 = 15 365 oe Sto Lome 
jb RUS yh sed PS Mee 8 Ga des, 17.09 16.44 16.74 16.89 
147653 18.468" @1i755 toe as eons 17 238.2 17.6858 lice: 
15, 18551 19.44 8251 192361 19701- 18.36." 13 66.e 157 a1 
16 §=19.54 20.47 19.54 20.64 20.04 19.39.82 19.69. 8 19784 
17 20° 62) ga? di DO. en ZU OZ age cis Zee lee 20-4348 205 47 Ze 
18, o2lc i Se 622.68. S218 > (62220 eee lee 21.60, 0521.90 sm 22205 
19°, 22595.) 23°.88. . 22795 9, 24405 9.23845 22.00,% 23 20 R 23725 
20.  24.20- 25.13. 24920 25230 — (24870 24. 0D 7@ (24.35 8 24.50 


Table 6. Simulated U.S. Average Fluid, Manufacturing, and Blend 
Prices: Five Percent Inflation Rate and Milk Loss of 
10% Increasing by 2.5% yearly. 


YEAR MAN PRICE FID PRICE BLEND PRICE 
u 10.72 12.87 11.52 
2 10.46 12.61 11223 
3 11.84 13.99 12.63 
4 12.53 14.68 13.32 
= 13.58 15.73 14.38 
6 14.52 16.67 15.33 
7 15.57 17.72 16.39 
8 16.64 18.79 17.47 
9 1 oer 19.92 18.61 

10 18.94 21.09 19.79 
ial 20.16 22.51 Bree 
12 21.44 Z3e 59 22204 
13 22.77 24.92 23.66 
14 24.17 26.32 25.06 
15 25.62 27.41 26.54 
16 2iiel 29.30 28.08 
Pi 28.74 30.89 29.69 
18 30.41 32.56 91.37 
19 S2eLo 34.30 33.14 


20 33798 36.13 34.99 


ADDENDUM 
U.S. Dairy Simulation Program 


//ARL JO8 (L/vd,50,502,5,A35) ,"MLLK' 
/*SIBPAKA R=192,HILDIJT 
/*WALE LV 


GGG Ge GG O.@ GGG OG: Gs GaGa G 


2 03 


N £35 Ide NUeiBER OF YEARS OF SIMULATION FROM THe BASE 

P3 [5 fde 0.5. BLEND PRICE 

COS 1S adds COSL COMPONENT UseD IN SSTIMATING TOYAL PRODUCTION 
YNC is [He PERCAPLVA DISP. INCOME USS iN THE DEMAND EQUAPLON'S 
W3 65 LUVAL QUAN? IPY PRODUCED IR JS=F(P3,CUST) ,P3 LAGSED 1 
LJ355 15 Tdée QUANTELY OF MILA Lost DUE PO INFECTION 

253 [5S THS Nel AM DUNT OF ALLK IN Td MARKELP 

PA [5 Pde MANUFACTURING PXLCE OF MILK OR PiMl=F (24,YNC) 

WF Lo tdé QJUANrI2Y OF ®LUID MILK DEMANDED OR QF=F(PF,YNC) 

JA is dé QUANDLLY OF MANJPACTURED MLLK DEMANDED OR IM=25~-JF 
COsP(itl) IS THe COsT INP LAE 

YNC(L+1) £5 THS (NCOME CNPLALED 

REGIIN (J, 1) 15 THe REGIONAL PRICES WHERE J=1-3 AND J=1-N 


DLAENSLON 25 (DU) ,Q55 (dd) ,Pi4d( a0) ,PA( SU) ,PF (50) -COST (50), 
2YNC (DU) ,PB( DU) , IF (D0) ,Q1(5U) , REGION (6,50) 

REAL LJ55 (DU) 

N=2U 

P3(1)=3. 3u 

CJsP (1) =9. /U 

YNC (1) =55u4 

WRLTE \o, LUU) 

PUI iN ‘do NEP Loses 


DJ J L=1,N 
L055 (1) =U 


DO iJ [=L,N 

25 (4) =2812/.2/4+(805.24*P3(1)) -(955.404* COSC (1) ) 
255 (i) =J5 (1) -L9353 (1) 
PAA(1L)=19. 53-(.0UU/0* 253 (L) )+(.002/4*¥NC (L) ) 
PA(L)=-./1//+(. /339*PMM(L)) 
Pe (f)=PA(L)+2.15 

JF (L)=ivu9o.9o0- (221. 95*PF(L))+(.4402*YNC(T) ) 
21( 1) =235 (1) - Qe (1) 
P3(itL)=( (QF (L) *PE(L)) + (2a4(L) *PM4 (1) )) 7255 (1) 
CIs (Ll) scoOsr (ip Fl. 

YWE (EFL) FYNC(L)*® LUD 

RoeslOW(1,1)=P3(L1+i) -L.1 
REGLIN( 2,1) =P3(L+1)-.17 

REGiON (3,1) =PB (L+1) -L.i 

HGLON (4,4) =P3(i+1) 








5 
52; 
S35 
54. 
55. 
30. 
Sie 
Soe 
39. 
ou. 
Ole 
o2. 
o3. 
o4. 
Od. 
09. 
ol. 
vu. 
OI. 


iJ 


LL 


REGLIN (5S, [) =P3(1+1) -.0 

REGION (6, 1) =PB(L+1)-1.25 
REGION (/, 1) =P3(i+1)-.95 
REGLON (d, 1) =PB(i+1)-.8 
WRIME(o,2UU) £, PA(L) ,PE(L) ,P3(1+1) 
CONLTINUS 

WRITE (o,1lU1) 

DI Ll 1=1,N 

WRITE (9,201) 1. (RESLON(I,1) J=1,3) 


WL PORAAR( LHL, 54, ‘YEAR’ , 2K, "RESL', 2X, 'REG2' , 2X, 'RSG5' 24, 'REG4', 
22K,'REGD', 24, 'REGD', 2A, 'REG/' , 2K, 'REGS') 
Zul FPORAAL(SX.i2, 3X,@5.2,/(1X,FD.2) ) 
duJ  PORAAL( LUL,1L0X, 'YEAR' ,9X,'MAN PRITE' ,5X,'FLO PRICE’, 
25K,' BLEND PRICE’) 
200 PORAAD( LUA, 12,1UX,F5.2,10K,F5.2,10K,F5.2) 
Tle 
END 
//3DALA 
/*8ND 
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ANNEX 8 
THE ECONOMIC IMPACT EVALUATION* 


The economic impact of each alternative brucellosis program was 
evaluated by a three-stage procedure: 


1. Base program projection 
2. Alternative program projection 


3. Benefit cost analysis 


Following is a description of each stage. 


Stage I: Base program projection. 


For the base program projection, the USDA's Cross-Commodity Feed- 
Grain-Livestock-Wheat Model (CCFCLW)2 was used. This is an econometric 
model with 165 endogenous variables representing 6 livestock sectors 
(Beef, Dairy, Hogs, Chicken, Turkey, and Eggs) and 6 grain sectors 
(Wheat, Barley, Oats, Sorghum, Corn, Soybean). There are 120 exogenous 
variables representing demand shifters (population, disposable income, 
price indices, consumption habits, etc.) and supply shifters (input 
prices and costs, range conditions, government programs and others). 


Currently, the model is still under improvement process and has not 
been completely stabilized. This forced us to make our projections under 
nearly ceteris paribus conditions. It means, that all exogenous variables 
but population (based on USDA, NEAD scenarios) were kept constant at 
their 1979 forecasts. The endogenous acreage planted variables were 
replaced by the USDA, Forecast Support Group's forecasts (unpublished) 
for the period 1978-1988 and kept at the 1988 levels thereafter. A1l 
other portions of the model remain dynamic such that simultaneous solu- 
tion for market commodity prices and quantities are calculated for the 
1977-1995 year-by-year period. The method of Gauss-Seidel for iteration 
was modified to account for the model's nonlinearities,“ convergence was 
achieved for all years for all program alternatives. 


Since the historical time series data were related to the past with 
the enacted current national brucellosis program in force, the CCFGLW 
model's results represent the base program projections. 


1. This Annex was prepared by Dr. Hovav Talpaz, Assoc. Prof. of 
Agri. Economics, Texas A & M University. 


2. Lloyd D. Teigen, "A Linked Model for Wheat, Feed Grain and 
Livestock Sectors of the U.S.,' September 1977, USDA, ESCS, CED (Manuscript). 


We are indebted to Dr. L. Teigen and Dr. C. Carman for making 
this model available to us and for their assistance in adapting it. 


Stage II. Alternative program projections. 


The procedure for making any alternative brucellosis control 
program was similar to the procedure for making the Base program 
projection discussed above with the following modification. Values 
representing changes in beef, veal and milk productions for each year 
during 1977-1995 were used as exogenous supply shifters for the cor- 
responding supply equations in the model. These shifters were cal- 
culated by the brucellosis simulation model outlined in Annex 1. The 
"shifted" model was then put under the same procedural scheme for 
obtaining the iterative solution which resulted with a different set 
of prices and quantities for all livestock sectors over time, repre- 
senting the particular alternative projections. 





« 


Stage III. Benefit/cost analysis. 


Benefit/cost analysis was conducted based on results of the pre- 
vious two stages. The criterion was based on the welfare measurement 
of consumers’ plus producers’ surplus and the cost of program implemen- 
tation. 


To facilitate discussion let us consider a single commodity (i.e., 
beef) with a linear demand and supply functions as shown in Figure 3, 
Chapter IV. P and Q represent the equilibrium price and quantity, 
respectively, for that year under the base program, P, and Q, are the 
corresponding price and quantities for an alternative program. The 
change (increase) in consumers' surplus (CCS) is given by the trapezium 
PPLE,E and calculated by 

GES =ACBAP, )(QiHIQ, ide=sAP (Oates) /2 . 

The change in producers' surplus (CPS) is given by the difference 
between the triangles P,E,S and PES, or 


CPS) SCE Ais $)Q,/2] =O CRHseS) O72) ¢= (P,Q, ~/PQice S(Q: = "05 )F- 


The point S, the intercept of the supply function, is the only variable 
not computed by the previous Stage I or Stage II. This is because 
equations in the USDA model there represent a supply response as a 
function of the supply and price of other commodities, not the supply 
curve itself. Hence, in addition to the assumption of linearity for 
the segment EE,, the assumption of linearity holds for the segments 

SE and SE,, and approximated values S for each commodity in the pro- 
gram were selected by the following formula: 


Ss = vc (1 + r/2)° 


= A Wishaw se 


*Ketter, R. L. and S.,.P. Prawel, Jr.,.Modern.Mcthods of Engin-— 


eering Computation, McGraw-Hill, New York, 1969, pp. 85-88. 


where 


VC. = the per unit variable cost in the most efficient production 
region in the U.S.;3 


r = inflation rate (divided by 2 under the assumption that the 
region is retaining its comparative advantage through ad- 
vantages in allocating variable inputs, such that prices 
of these inputs are affected by only 50 percent of the 
general inflation rate. 


t = year minus 1976. ‘ 


Note that different assumptions about S will not change the ranking 
between alternatives since it is a common value for all program al- 
ternatives. Also, note that only the slope (not the intercept) of 
the supply is assumed to shift. 


The following list provides the intercept assumptions for all 
commodities in the calendar year 1976. 


S = $11.55 /cwt. Source: Livestock and Meat Stat. June 1978. 
(beef) 
S( es = $§ 6.06 /cwt. Source: U.S. Congress Senate Committee on Ag- 
Hy riculture and Forestry. Cost of Producing Milk in the U.S., 
1975-76. Gov. Printing Office, Washington, D.C. 
S = 28.65¢/doz. Source: Poultry and Eggs Situation, June 1978. 
(eggs) 
Ss k) = $31.19 /cwt. Source: (ESCS) Cost of Producing Hogs in the 
cpt U.S. 1976. 
S , = 15.25¢/lb. Source: Poultry and Eggs Situation, June 1978. 
(chicken) 
S = 21.85¢/lb. Source: Poultry and Eggs Situation, June 1978. 
(turkey) 
= .* 
Saath) 0.85$/bu 
: bu.* 
SC aneat 1.03$/bu 
.87$/bu.* 
(parley) $/bu 
S .91$/bu.* 
(corn) 
S = -50$/bu.* 
(oats) 
mls 305/ bu. * 
oCepybean) o/ 


The component of consumers' surplus related to each grain commodity was 
ignored, since most of these grain consumers were the producers of 
livestock hence these benefits were already indirectly accounted DOr. 





*Source: Cost of Producing Food Grain Oilseed, and Cotton, 
1974-76. ERS, USDA, Report No. 338, June 1976. 
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